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PREFACE  TO  THE  CANADIAN  EDITION. 


The  present  edition  of  Hamblin  Smith's  Arithmetic 
is  not  simply  a  reprint  of  the  EngHsh  work.  Several 
articles  have  been  introduced,  which,  it  is  hoped,  will 
render  the  book  more  useful.  Some  of  these  will  be 
found  on  pp.  33-40,  45,  48,  64,  92-95,  115.  From 
Simjjle  Interest  to  Proportion  the  work  has  almost 
altogether  been  re- written.  Important  subjects,  such 
as  Discount,  Stocks  and  Shares,  Exchange,  &c.,  have 
been  treated  at  much  greater  length  than  in  our  ordinary 
text-books.  Some  articles  of  a  practical  business 
nature,  not  usually  found  in  school  arithmetics,  such  as 
Equation  of  Accounts,  p.  188 ;  Partnership  Settle- 
ments, p.  224 ;  have  been  introduced.  For  these  we 
are  indebted  to  Mr.  S.  G.  Beatty,  late  Principal  of 
Ontario  Commercial  College.  Special  care  has  been 
taken  to  adapt  the  work  to  the  wants  of  the  business 
community.  Examination  Papers  of  a  somewhat  diffi- 
cult character  have  been  added  to  each  chapter.  These 
are  designed  to  stimulate  the  student  to  think  for  him- 
self, and  to  assist  him  in  preparing  for  the  different 
official  examinations.  In  order  to  render  the  work  as 
complete  as  possible,  an  Appendix  has  been  added,  in 
which  the  subjects  of  Interest,  Discount,  and  Annuities 
have  been  treated  algebraically. 

We   have   to   thank  Dr.    McLellan   for   hints  and 
advice  during  the  progress  of  the  work. 

Toronto,  August,  1877. 


CONTENTS. 


PUEE  ARITHMETIC. 

SECT.  PAOB, 

I.  On   the    Method    of    Representing    Numbebs    by 

Figures  1 

II.  Addition 9 

III.  Subtraction      12 

IV.  Multiplication        15 

V.  Division 22 

VI.  On  the  Resolution  of  Numbers  into  Factors      ..  27 

Vn.  Inexact  Division 30 

Vni.  Methods    of   Verifying  the  Operations  and  some 
Practical  Methods  of  Shortening  Labor  in 

the  Fundamental  Rules 33 

IX.  Highest  Common  Factor      43 

X.  Lowest  Common  Multiplb 46 

XI.  Fractions 61 

Xn.  Decimal  Fractions        74 

Xm.  Square  Root        103 

XIV.  Cube  Root       109 

COMMERCIAL  ARITHMETIC. 

XV.  On  English,   Canadian,    and   United   States  Cur- 
rencies    114 

XVI.  On  Measures  of  Time,  Length,  Surfaok,  Solidity, 

Capacity  AND  Weight 129 

XVn.  Fractional  Measures 140 

SLVrn.  Decimal  Measures 142 

XIX.  Praoiiok 148 


Vlll.  CONTENTS. 

COMMEE(^IAL  AlilTiDlKnC— Continued. 

8KCT.  PAGE 

XX.  Problems     154 

XXI.  Simple  Interest        166 

XXII.  Compound  Interest . .     . .  174 

XXIII.  Present  Worth  and  Discount      178 

XXIV.  Equation  op  Paymf.nts 180 

XXV.  Averages  and  Percentages 191 

XXVI.  Profit  and  Loss         200 

XXVn.  Stocks  and  Shares 204 

XXVni.  Division  into  Proportional  Parts        , 218 

XXIX.  Alligation 226 

XXX.  Exchange 230 

XXXI.  Eatio  and  Proportion      241 

XXXII.  The  Metric   System 250 

XXKin.  Measurement  of  Area 253 

Examination  Papers 2G3 

ANSWERS 294 

APPENDIX  I 326 

APPENDIX  II 346 


ARITHMETIC, 


I.  On  the   Method  of  Representing   Numbers 
by  Figures. 

1.  Arithmetic  is  the  science  which  teaches  the  use  oi 
numbers. 

2.  The  number  one,  or  tinity,  is  taken  as  the  founda- 
tion of  all  numbers,  and  all  other  numbers  are  derived 
from  it  by  the  process  of  addition. 

Thus : 

Two  is  the  number  that  results  from  adding  one  to  one ; 
Three  is  the  number  that  results  from  adding  one  to  two  ; 
Four  is  the  number  that  results  from  adding  one  to  three ; 

and  so  on. 

3.  By  means  of  the  symbols  or  figures 

1234     5     678     9, 
called  the  nine  significant  digits,  together   with    the 
symbol  or  figure  0,  called  zero,  we  can  represent  num- 
bers of  any  magnitude. 

4.  Fu'st,  each  of  the  significant  digits,  standing  by 
itself,  represents  a  number  greater  hy  one  than  the 
number  represented  by  the  digit  that  immediately  pre- 
cedes it  in  the  list  of  digits. 

Thus  7  represents  a  number  greater  by  mie  than  the 
number  represented  by  6. 


-a  REPRESENTATION    OP 

5-  T]ie  symbol  4-,  read  Plus,  is  used  to  denote  the 
ox3eration  of  Addition. 

The  symbol  =  stands  for  the  words  "is  equal  to,"  or 
"the  result  is." 

Since 

2=1  + 1,  where  unity  is  written  twice, 
3=2+1=1  +1  +  1,  where  unity  is  written  three  times. 
4=3  + 1=1  +  1  +  1  +  1,  where  unity  is  written  four  times, 
and  so  on. 

6.  Numbers  between  nine  and  a  hundred  are  repre- 
sented by  tiw  figures,  tlie  one  on  tlie  left-hand  signifying 
how  many  growps  of  ten  ttnits  are  contained  in  the  num- 
ber represented,  and  the  one  on  the  right-hand  signify- 
ing how  many  single  units  are  contained  in  the  number, 
in  addition  to  the  groups  of  ten  units. 

Thus,  in  the  expression  69, 
the  figure  6  represents  six  groups  of  ten  units, 
the  figure  9  represents  nine  single  units. 

These  groups  of  ten  units  are  for  brevity  called  Tens^ 
and  the  single  units  are  for  brevity  called  Units. 

Numbers  between  ninety-nine  and  a  thousand  are 
represented  by  three  figures. 

In  the  expression  745, 
the  figure  7  represents  seven  groups  of  a  hundred  units, 
the  figure  4  represents  four  groups  of  ten  units, 
the  figure  5  represents  five  single  units. 

In  the  expression  3475, 
the  figure  3  represents  three  groups  of  a  tJwusctnd  units. 

In  the  expression  23475, 
the  figure  2  represents  two  groups  of  ten  thousand  units. 

In  the  expression  123475, 
the  figure  1  represents  one  group  of  a  hundred  thousand 
units. 

In  the  expression  9123475, 
the  figure  9  represents  nine  groups  of  a  million  units ; 
and  so  on. 
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7-  To  put  the  matter  briefly  :  when  we  express  a 
number  in  figures,  and  tell  off  the  figures /ro?/i  right  to 

the  jirst  figure  represents  a  number  of  units ^ 

the  second       figure  represents  a  number  of  tens, 
the  third        figure  represents  a  number  of  hmidreds, 

the  fourth       figure  represents  a  number  of  thousands, 
the  fifth  figure  represents  a  number  of  tens  of  thou- 

sands, 
the  sixth         figure  represents  a  number  of  hundreds  of 

thousands, 

the  seventh      figure  represents  a  number  of  millions, 

the  eighth       figure  represents  a  number  oi  tens  of  millions, 

the  ninth        figure  represents  a  number  of  hundreds  of 

millions, 

the  tenth         figure  represents  a  number  of  billions,  \ 

the  eleventh     figure  represents  a  number  of  tens  of  billions,  I 
the  twelfth      figure  represents  a  number  of  hundreds  of        j 

billions,  ) 

the  thirteenth  figure  represents  a  number  of  trillions. 

8.  When  the  symbol  0  appears  in  an  expression,  it 
shows  that  the  number,  represented  by  the  expression, 
contains  no  single  units,  tens,  hundreds,  etc.,  according 
as  the  0  is  placed  in  the  first,  second,  third  place,  the 
order  of  place  being  reckoned  from  right  to  left. 

Thus  : 

20  represents  the  number  which  contains  two  groups  of 
ten  units  and  no  single  units  ; 

300  represents  the  number  which  contains  three  groups 
of  a  hundred  units,  and  no  group  of  ten,  and  no  sin- 
gle units ; 

4007  represents  the  number  which  contains  four  groups 
of  a  thousand  units,  and  no  group  of  a  hundred,  and 
no  group  of  ten,  and  seven  single  units. 

NUMERATION. 

9.  To  write  in  words  tlie  meaning  of  a  number 
Expressed  in  figures,  is  called  Numeration. 

The  remarks,  which  we  have  already  made,  ought 
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to  enable  tlie  learner  to  write  in  words  all  number^ 
expressed  by  one,  two,  or  three  figures. 

Thus  : 

tlie  number  expressed  by      8  is  written  eight  ; 

the  number  expressed  by    27  is  written  twenty-seven  ; 

the  number  expressed  by  304  is  written  three  hundred 

AND   FOUR. 

10-  Next  take  the  case  of  numbers  expressed  by 
FOUR,  FIVE,  or  SIX  figures,  as  4237,  23509,  402G75. 

Draw  a  line,  separating  the  three  figures  on  the  right 
of  each  expression  from  the  rest  of  the  expression,  and 
over  the  figure  or  figures  on  the  left  of  the  line  write 
the  word  Thousand,  thus  : 

Thousand  I  Thousand  I  Thousand  I 

4  I  237     ;  23  |  509     ;         402  |  675. 

Then  the  meaning  of  each  expression  can  be  written 
at  once  in  words,  thus  : 

Four  thousand,  two  hundred  and  thirty-seven  ; 
Twenty-three  thousand,  five  hundred  and  nine  ; 
Four  hundred  and  two  thousand,  six  hundred  and 
seventy-five. 

11.  Next  take  the  case  of  numbers  expressed  by 
SEVEN,  EIGHT,  or  NINE  figurcs,  as,  for  instance,  the  num- 
ber expressed  by  347295328. 

Draw  a  line,  separating  the  three  figures  on  the  right 
from  the  rest  of  the  expression,  and  a  second  line, 
marking  off  the  next  three  figures.  Over  these  write 
the  word  Thousand,  and  over  the  figures  on  the  left  of 
this  second  line  the  word  Miliums,  thus  : 

Million*       I       Thousand       I 

847        I         295        I  828. 
Then  we  can  write  the  meaning  in  words,  thus  : 

Three  hundi-ed  and  forty- seven  millions, 
two  hundred  and  ninety-five  thousand, 
three  hundred  and  twen^v-eight. 
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Again,  to  express  in  words  20040030,  write   it  thus  : 

Millions      ,      Thousauds      I 

20    I         040        I      030 
and  the  number  expressed  in  words  is — 
Twenty  millions^ 
forty  thousand 
and  thu'ty. 

12.  If  more  than  nine  figures  are  in  the  given  num- 
ber, mark  off  the  figures  by  threen,  as  before,  and 

over  the  fourth  j)arcel  write  the  word  billions, 
over  the  fifth  parcel  write  the  word  trilliojis. 

Thus,  to  express  in  words  24003269407032,   proceed 
thus  : 

TrUHona      I      Billions      I      Millions       I      Thousands    I 

24       j       003      I       269       |        407        |    032 
and  the  number  expressed  in  words  is — 
Twenty-four  trillions, 
three  billions, 

two  hundiH3d  and  sixty-nine  millions, 
four  hundred  and  seven  thousand 
and  thirty -two. 

I^oie.    1  followed  by  three  zeros,  1000,  represents  a  thousand. 

1  followed  by  six  zeros,  1000000,  represents  a  million. 

1  folio  wed  by  nine  zeros,  1000000000,  represents  a  bil- 
lion. 

Examples-  (i) 

Write  in  words  the  numbers  exj>res8ed  by  the  following 
figures  : — 

(1)  7,  13,  45,  69,  326,  4578. 

(2)  90,  110,  207,  4300,  4036,  4606. 

(3)  780,  609,  5360,  2020,  1101. 

(4)  36497,  49532,  654321,  743269. 
(6)  45000,  82600,  75230,  50(ip00. 

(6)  8572914,  3469218,  4629817. 

(7)  9000000,  29000000,  715000000. 

(8)  910307210,  307004205,  380503040. 

(9)  243759268312,  307405006270. 

(10)  417235682719435,  203056300072010. 


O  NOTATION. 

NOTATION, 

13.  To  represent  by  figures  a  number,  expressed  in 
words,  is  called  Notation. 

The  method  to  be  employed  is  this  : 
Prepare  the  divisions  in  which  the  figures   represent- 
ing thousands,  milUonSj  &c.,  are  to  be  placed,  thus : 


Trillions 


Billions 


Millions 


Thousand 


and  place  in  each  division,  as  well  on  the  right  and  left 
of  the  outermost  hues,  the  figures  required. 

Thus,  to  represent  by  figures  forty-seven  thousand, 
three  hundred  and  nine,  we  proceed  thus  : 

Thousand  I 

47  I  309 

and  the  number  expressed  in  figures  is  47309. 

Again,  to  represent  by  figures  four  billions  three 
hundi'ed  and  two  millions,  eighteen  thousand  and  fifty- 
tlu'ee,  we  proceed  thus  : 

Billions      I      Millions      I    Thousand    I 

4        I       302       I       018       I  058 

and  the  number  expressed  in  figures  is  4302018053. 

Examples-    (ii) 
Express  in  figures  the  following  numbers  : — 

(1)  Nine  ;  twelve  ;  seventeeu  ;  nineteen  ;  thirteen  ;  six- 
teen;  eleven. 

(2)  Twenty-three  ;  twenty-seven  ;  thirty-five  ;  thirty- 
eight  ;  forty-four  ;  forty  ;  twenty-six  ;  thirty-four. 

(3)  Sixty-f  even  ;  seventy-five  ;  sixty-two  ;  eighty-three  ; 
seventy-four  ;  ninety-two  ;  sixty-eight ;  ninety-five. 

(4)  Seventy- six ;  twenty-two;  fifty;  fifteen;  twenty- 
eight  ;  sixty-one  ;  ^orty-niuo  ;  eighteen  ;  niiietj'  ;  seventy- 
three. 

(5)  One  hundred  and  seven;  one  hundred  and  thirty; 
two  hundred  and  forty-six;  three  hundred  and  seventy-two  ; 
six  hundred  and  eight ;  seven  hundred  and  forty  ;  nine 
hundred  and  ninety. 
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(6)  Eight  hundred  and  thirty- six ;  seven  hundred  and 
forty-seven ;  four  hundred  and  ten ;  nine  hundred  and 
thirteen ;  seven  hundred  and  fifty ;  three  hundred  and 
eighty-four. 

(7)  Eight  hundred  and  eighteen ;  eight  hundred  and 
eight ;  two  hundred  and  six  ;  four  hundred  and  thirty  ;  five 
hundred  and  twelve  ;  seven  hundred  and  eighty- seven. 

(8)  Seven  thousand  eight  hundred  and  forty-five  ;  nine 
thousand  six  hundred  and  thirty-seven  ;  twelve  thousand  ; 
eight  thousand  four  hundred ;  six  thousand  and  three ; 
eighty-five  thousand  and  forty. 

(9)  Five  thousand  four  hundred  and  seventy  ;  three  thou- 
sand six  hundred  and  fifty  ;  eight  thousand  seven  hundred 
and  eighty;  one  thousand  two  hundred  and  forty- seven ; 
four  thousand  eight  hundred  and  eight. 

(10)  Six  thousand  and  four  ;  seven  thousand  and  twenty- 
two  ;  three  thousand  five  hundred  ;  nine  thousand  and  forty- 
seven  :  two  thousand  and  seventeen ;  nineteen  thousand 
four  hundred  and  two. 

(11)  Seventy  thousand  and  seven;  sixty  thousand  and  sixty; 
fourteen  thousand  and  fourteen ;  seventy  thousand  and 
seventeen  ;  twelve  thousand  thi-ee  hundred  and  three  ;  six- 
teen thousand  and  five. 

(12)  Three  hundred  and  fifty-six  thousand  seven  hundred 
and  twenty-eight ;  six  hundred  and  forty  thousand  eight 
hundred  and  forty-two  ;  nine  hundred  thousand  ;  eight  hun- 
dred thousand  and  forty. 

(13)  Seven  millions;  four  millions  five  hundred  and 
seventy-six  thousand  eight  hundred  and  sixty-five  ;  seventy- 
five  millions  eight  hundred  and  six  thousand,  nine  hundred 
and  forty. 

(14)  Three  hundred  and  fifteen  millions  ;  five  millions 
and  forty  tliousaud ;  eight  millions  and  seven  hundred  ; 
eighteen  millions  and  twenty  ;  seven  hundred  millions  and 
two. 

(15)  Three  hundred  and  fifteen  hillions  six  hundred  and 
seventy-four  millions,  eighteen  thousand  and  three  ;  thirty- 
five  billions  six  hundred  millions,  five  hundred  and  twenty. 

(16)  Seven  billions  ;  five  trillions,  eight  hundred  billions, 
six  hundred  thousand  and  forty-seven ;  eight  trillions, 
forty-three  thousand  and  seven. 

(17)  Three  hundred  and  live  trillions,  five  billions,  four 
millions,  six  thousand  and  three  ;  fifty-three  trillions,  fifty - 
three  millions,  fifty- three  thousand  and  fifty-three. 
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(18)  Nine  trillions  and  nine  ;  ninety  trillionB  and  nine 
hundred ;  nineteen  trillions  and  nineteen  tbonsand  ;  one 
trillion,  one  m  llion,  one  thousand,  one  hundred  and  one. 

ROMAN  NUMERALS. 

14.  In  the  Koman  system  of  Notation,  which  is  still 
used  frequently  in  inscriptions,  in  references  to  chaptei's 
of  books,  and  for  other  purposes,  the  symbols  chiefly 
employed  were  I,  V,  X,  L,  0,  D,  M. 

These  symbols,  standing  by  themselves,  represented 
respectively  the  numbers  one,  five,  ten,  fifty,  a  hundred, 
five  hundred,  and  a  thousand.  Intermediate  numbers 
were  rex^resented  by  means  of  an  arrangement  that  the 
numbers  represented  by  the  symbols  I  and  X  when 
standing  on  the  right  of  a  higher  symbol  were  to  be 
added  to  the  number  represented  by  that  symbol,  and 
when  standing  on  the  left  were  to  be  subtracted  from  it. 

Thus : 

VI  represented  the  number  six, 
IV  represented  the  number  four, 
and  LX  represented  the  number  sixty, 

XL  represented  tlie  nxxvahav  forty. 

The  following  table  will  explain  the  method  for  num- 
bers up  to  a  thousand  : 


1 1. 

11  XI. 

21  XXI. 

110  ex. 

2  II. 

12  XII. 

80  XXX. 

150  CL. 

8  III. 

13  XIII. 

40  XL. 

188  CLXXXVIII. 

4  IV. 

14  XIV. 

44  XLIV. 

200  CO. 

5  V. 

15  XV. 

50  L. 

300  CCC. 

6  VI. 

IG  XVI. 

CO  LX. 

400  CCCC. 

7  VII. 

17  XVII. 

70  LXX. 

500  D. 

8  VIII. 

18  XVIII. 

80  LXXX. 

600  DC. 

9  IX. 

19  XIX. 

90  XC. 

900  DCCCC. 

10  X.  20  XX.  100  C.  1000  M. 


ROMAN    NUMERALS. 


Examples-    (iii) 

Write  in  words  : 

(1)  XXVII.  (2)  XLIX. 

(4)  LXXIII.  (5)  XCII. 

(7)  CLXIII.  (8)  CXCIX. 

(10)  MDCCCLXXII. 

Write  in  Koman  Numerals  : 


(3)  LXVIII 
(6)  CXLIV. 
(9)  DCLXIV. 


(1)  37.         (2)  59.         (3)  62.         (4)  87.         (5)  95. 
(6)  139.       (7)  145.       (8)  179.       (9)  846.     (10)  1763. 


II.    Addition. 

15.  If  we  combine  two  or  more  groups  of  units,  so 
as  to  make  one  group,  the  number  of  units  in  tins  sin- 
gle group  is  called  the  Sum  of  the  numbers  of  units  in 
the  original  groups. 

To  find  the  sum  of  5  and  3,  we  reason  thus : 

Since  3  =  1  +  1-1-1,  (Art.  5) 

5-h3  =  5-|-H-l-f  1 

=  6  +  1-1-1  (Art.  4) 

=  7  +  1 
=  8. 

16.  By  practice  we  become  able  to  express  the  result 
of  adding  a  number  less  than  ten  to  another  number, 
without  breaking  up  the  number,  which  we  have  to 
add,  into  units. 


Thus  we  say 


7  and  5  make  12, 
15  and  8  make  23 ; 


and  so  on. 

Again,  if  we  have  three  or  four  numbers,  each  less 
than  ten,  to  add  together,  we  perform  the  process  men- 
tally ;  thus,  to  add  4,  7,  9,  and  6  together  v>'e  say  4,  11, 
20,  26. 

17.  We  now  proceed  to  explain  the  process  of  addi- 
tion in  the  case  of  higher  numbers. 


10  ADDITION. 

Suppose  we  have  to  add  together  the  four  numbers 
2475,  397,  486,  and  3007. 

We  arrange  them  thus  : 

2475 

397 

486 
3007 

G365 

placing  the  figures  that  represent  units  in  each  number 
in  the  same  vertical  lino,  and  those  that  represent  tens 
in  the  same  vertical  line,  and  similarly  for  those  that 
represent  hu7idre<-h  and  thousands.  We  then  draw  a 
horizontal  line  under  the  last  number,  and  under  this 
line  we  place  the  number  representing  the  sum  of  the 
given  numbers,  which  is  found  in  the  following  way  : 

Adding  7,  0,  7  and  5  units,  the  sum  is  twenty-five 
units,  that  is  2  tens  and  5  units :  we  place  the  five 
under  the  line  of  units,  and  carry  on  the  2  tens  for 
addition  to  the  hne  of  tens. 

Adding  2,  0,  8,  9  and  7  tens,  the  sum  is  twenty-six 
tens,  that  is  two  hundreds  and  G  tens  :  we  place  the  6 
under  the  line  of  tens,  and  carry  on  the  2  hundreds  for 
addition  to  the  lino  of  hundreds. 

Adding  2,  0,  4,  3  and  4  hundreds,  the  sum  is  thirteen 
hundreds,  that  is  1  thousand  and  three  hundreds :  we 
place  the  3  under  the  line  of  hundreds,  and  carry  on 
the  1  thousand  for  addition  to  the  line  of  thousands. 

Adding  1,  3  and  2  thousands,  the  sum  is  six  thou- 
sands, and  we  place  6  under  the  line  of  thousands. 

Examples,    (iv) 
Add  together 

il)     4  and  7,  3  and  13,  5  and  15,  9  and  27. 

(2)     62  (3)     40  (4)     36 

36  27  24 


ADDITION. 

J 

(5)   237 

349 
823 

(6) 

209 
140 
600 

(7) 

662 

70 

106 

(8)    459 
6 

237 
'^^      4269 

(9) 

5462 
723 

8004 
9217 

(10) 

24609 
3470 

40052 
6207 

(li;  429    (12) 
347 
425 
269 
538 

364 
629 
488 
976 
853 

(13) 

253 

189 
567 

278 
384 

(14)  140 

49 

257 

6 

428 

(15)  6842 
5679 
8526 
5037 
2409 

(16) 

8750 
4623 
7988 
6543 
5729 

(17; 

)  8604 
4007 
5290 
3046 
7259 

(18  6843 

4297 

326 

52 

7008 

11 


(19)  64+43+74-85+9. 

(20)  247+356+28+423+97+12. 

(21)  425+3742+4230+39+847. 

(22)  7288+976+45+623+4000. 

(23)  8+97623+3407+5260+86. 

(24)  41537+9215+48+6077+23+2413. 

(25)  275413+3126+725+5007. 

(26)  74259+346274+30000+1000001  +  207. 

(27)  4692+72430+80000729+40+600000000. 


(28)  46243 

(29) 

748325 

(30) 

5629 

35297 

54297 

426580 

825649 

632684 

37259 

246728 

20047 

506 

815 

4207 

670492 

42376 

617043 

37987 

645980 

3025 

6493 

12 


SUBTKACTION. 

(81)  256497 

(32) 

654297 

(S3) 

625493 

648098 

248643 

76862 

720430 

380469 

6436 

630689 

472586 

87294 

407246 

682987 

4859 

864928 

639458 

862 

2W384 

(35) 

498468 

(36) 

13 

(34)  7462594 

4697498 

6572043 

8625837 

627 

2869257 

4398025 

4307046 

436 

6702403 

27209 

698206 

6124917 

152372 

45297 

6219806 

4058 

3626084 

4390143 

7265204 

57002 

7409425 

4372943 

852968 

(37)  Seven  hundred  and  forty  ;  forty  thousand  and  fifteen  ; 
six  hundred  and  forty-seven ;  fifty  three  thousand  three 
hundred  and  three ;  seventeen  thousand  five  hundred  and 
forty-six. 

(38)  Five  hundred  and  eight ;  six  thousand  and  nine  ; 
fifty-five  thousand  and  fourteen;  eight  hundred  and  nine- 
teen ;  seven  hundred  thousand  and  six  ;  two  thousand  and 
twelve. 

(39)  Six  hundred  and  forty-five  thousand,  eight  hundred 
and  forty-five ;  seventy  thousand  and  forty-seven ;  sixty 
thousand  and  forty ;  seven  hundred  and  fifty  thousand ; 
three  hundred  thousand  and  fifteen. 

(40)  Two  hundred  and  one  miUions,  niaety-six  thousand, 
three  hundred  and  forty-two  ;  fifty-four  thousand  three  hun- 
dred and  four ;  eighteen  milHons,  six  thousand  and  three  ; 
five  hundred  thousand  and  forty ;  eight  milhons  and  eight. 


III.    Subtraction. 

18.  If  from  a  number  we  take  away  a  smaller  num- 
ber, the  process  is  called  Suhtraction. 

Strictly  we  ought  to  take  away  each  of  the  units,  of 
which  the  smaller  number  is  composed,  separately  from 
the  larger  number  :  thus,  to  subtract  8  from  5,  we  rea- 
son thus ; 

3  =  1  +  1-1-1; 
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if  we  take  away  one  of  these  units  from  5,  we  have  4  left ; 
if  we  take  away  the  second  unit  from  4,  we  have  3  left ;  if 
we  take  away  the  third  unit  from  3,  we  have  2  left. 

The  Symbol   — ,  read  mimts,  is  used  to  denote  the 
operation  of  Subtraction.     Thus  the  opei-ation  of  sub- 
tracting 3  from  5,  and  its  connection  with  the  result, 
may  be  briefly  expressed  thus  : 
5-3  =  2. 

19.  By  practice  we  become  able  to  subtract  a  num- 
ber, less  than  ten,  from  anotlier  number,  without 
brealdng  up  the  smaller  number  into  units ;  thus  we 
say, 

7  —  4=3, 
18  —  5  =  13, 
49  —  8=41; 

and  so  on. 

20.  Before  we  proceed  to  explain  the  process  of 
Subtraction  in  the  case  of  higher  numbers,  we  must 
notice  the  principle  on  which  a  certain  step  in  the 
process  is  founded. 

If  we  are  comparing  two  numbers,  with  a  view  to 
discover  the  number,  by  which  one  exceeds  the  other, 
w^e  may  add  ten  single  units  to  tlie  greater,  if  we  also 
add  one  group  of  ten  units  to  the  less,  and  we  may  atld 
ten  groups  of  ten  units  to  the  greater,  if  w^e  also  add 
one  group  of  a  hundred  units  to  the  less  ;  and  so  on. 

Suppose,  for  example,  we  w^ant  to  find  the  number 
by  which  5G  exceeds  29,  w^e  might  reason  thus : 

56= five  tens  together  with  six  units. 

29= two  tens  together  with  nine  units. 

To  the  former  add  ten  single  units,  and  to  the  latter 
add  one  groiip  of  ten  units. 

Then  the  resulting  numbers  will  be, 
in  the  first  case,  five  tens  together  with  sixteen  units, 
in  the  second  case,  three  tens  together  with  nine  units. 
Hence  the  excess  of  the  former  over  the  latter  will  be 
the  number,  made  up  of  two  tens  together  with  seven 
units,  and  wiU  therefore  be  represented  by  27. 
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Let  us  now  take  an  example,  to  show  the  practicrd 
way  of  performing  tlic  operation  of  substraction,  accom- 
panied by  a  complete  explanation  of  the  process. 

Suppose  we  have  to  take  589  from  926  ; 

From  926 
Take  689. 

Remainder      837 

We  arrange  the  numbers,  placing  the  figures  that 
represent  units  in  each  in  the  same  vertical  line,  and 
doing  the  same  with  those  that  represent  tens  and 
hundreds. 

We  then  reason  thus  :  we  cannot  take  9  units  from  6 
units  ;  we  tlierefore  add  ten  units  to  the  6  units,  making 
sixteen  units,  and  we  take  9  units  from  the  sixteen 
units,  and  set  down  the  result,  which  is  7  units,  under 
the  line  of  units. 

Having  increased  the  upper  number  by  ten  units,  we 
add,  by  way  of  compensation,  1  ten  to  the  lower  number, 
changing  8  tens  into  9  tens.  We  proceed  thus:  we  can- 
not take  9  tens  from  2  tens;  we  therefore  add  ten  tens  to 
the  2  tens,  making  twelve  tens,  and  from  tliese  we  take 
9  tens,  and  set  down  the  result,  which  is  3  tens,  under 
the  line  of  tens. 

Having  increased  the  upper  number  by  ten  tens,  we 
add,  by  way  of  compensation,  1  hundred  to  the  lower 
number,  changing  5  hundreds  into  6  hundreds. 

We  then  take  6  hundreds  from  9  hundreds,  and  set 
down  the  result,  which  is  3  hundreds,  under  the  line  oi 
hundreds. 

Examples-    (v) 

Find  the  difference  between  the  following  pairs  ol 
numbers  : 

(1)    13  and  6.        (2)     16  and  7.        (3)    23  and  4, 


13  and  6. 

(2) 

16  and  7. 

(4) 

8  and  32. 

57 

(6) 

96 

(7)  74 

(«) 

23 

42 

39 

(5)    57        (6)    96      (7)     74      (8)     87       (0)      92 
"~  ""  68  47 
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(10)      813  (11)      704  (12)      630  (13)      7426 

247                    195  648  8618 

(14)    6239  (15)    4729  (16)    6258  (17)    65472 

4127                    501  36  4001 

(18)      357  (19)    4625  (20)  72649  (21)    20004 

249                   1846  43821  17243 


(22)     437  —  56         (23)  529  —  483         (24)  827  —  795 
(25)     3000  —  958     (26)  7040  —  583       (27)  6259  —  479 
(28)     58623—7428    (29)  64295—53296  (30)  70000—08904 
(31)     52764  and  34297.  (32)     42456  and  102479. 

(33)     624300  and  14000702.    (34)     99999  and  100000. 

(35)  A  million  and  a  thousand. 

(36)  A  hundred  millions  and  a  hundred  thousand. 

(37)  Ten  billions  and  a  thousand  and  one. 

(38^     What  number  must  be  taken  from  26  to  leave  18? 

(39)  What  number  must  be  taken  from  427  to  leave 
401? 

(40)  What  number  must  be  taken  from  three  thousand 
anvl  fifteen  to  leave  two  thousand  four  hundred  and  five  ? 

(41)  By  how  many  does  a  thousand  exceed  four  hundred 
and  seven  ? 

(42)  The  greater  of  two  numbers  is  427  and  the  sum  of 
the  numbers  is  586,  what  is  the  smaller  of  the  two  numbers  ? 

(43)  What  number  must  be  added  to  7428  to  make  8047  ? 

IV.    Multiplication. 

21.  Multiplication  is  the  process  by  which  we  find 
the  Slim  of  two,  three,  four  or  more  numbers,  which  are 
equal. 

Thus,  if  we  have  to  find  the  sum  of  three  numbers 
cacli  equal  to  7,  we  call  the  process  th  '  Multiplication 
of  7  hy  3. 

Tliis  sum  is  called  the  Product  of  the  multi]>lication 
of  7  by  3. 

The  number  Bis  called  the  Multiplier. 

The  number  7  is  called  the  Multiplicand. 

The  following  table  must  be  committed  to  memory. 
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25.  li"  we  multiply  a  number  by  10,  the  product  is 
obtained  by  annexing  0  to  the  number,  that  is, 

10  X  364  =  3640. 

If  we  multiply  a  number  by  100,  the  product  is 
obtained  by  annexing  00  to  the  number,  that  is, 

100  X  364  =-  36400. 

So  by  annexing  000  to  a  number  we  multiply  it  t)^ 
1000,  and  so  on. 

If  we  have  to  multiply  a  number  by  20,  we  may  first 
multiply  it  by  2  and  then  annex  0  to  the  result,  and 
the  linal  result  will  be  the  product  required. 

Again,  if  we  have  to  multiply  a  number  by  200,  we 
may  first  multiply  it  by  2  and  then  annex  00  to  the 
result. 

The  method  of  expressing  the  result  of  multiplica- 
tions of  this  kind  in  practice  is  as  follows  : 

We  multiply  4276  by  700  and  14239  by  6000  thus  : 


4276 
700 

14239 
6000 

2993200 

85434000 

Examples- 

(vi) 

Find  the  Product  in  the  following  cases  of  Multipli- 
cation. 

(1)  3  times  15.  (2)  4  times  76.  (3)  5  times  98. 
(4)  10  times  87.  (5)  6  times  114.  (6)  7  times  123. 
(7)  11  times  843.         (8)  12  times  947. 

(9)     Multiplv  25  by  2,  3,  7,  9. 

(10)  Multiply  127  by  5,  8,  10,  11,  20,  70. 

(11)  Multiply  2467  bv  4,  6,  11,  12,  500,  7000. 

(12)  Multiply  37429  by  9,  11,  12,  50000,  80000000. 

26.  Ex.  (1).  To  multiply  847  by  23. 


MULTIPUCATION . 

The  form  of  the  operation  is : 
847 


1041 
694 


19 


7981 

The  explanation  is  this  : 

The  multiplier  is  made  up  of  two  parts  3  and  20,  we  Uiere- 
fore  multiply  347  first  by  three,  and  then  by  20,  and  add  the 
two  results. 

Now      3X347  =  1041. 
and      20X347  =  6940. 
In  setting  down  this  second  result  we  omit  the  zero, 
because  it  will  have  no  effect  on  the  addition  which  has 
to  be  performed. 

Examples,    (vii) 

Multiply 

(1)  23  by  15.  (2)  37  by  29.  (3)  45  by  8«. 

(4)  70  by  26.  (5)  125  by  24.  (6)  327  by  42. 

(7)  205  by  43.  (8)  307  by  98.  (9)  2684  by  35. 

(10)  57296  by  27.  (11)  84293  by  88.  (12)  7629302  by  76. 

Ex.  (2).  To  multiply  34007  hy  213. 

34007 
213 


102021 
34007 
68014 

7243491 


Here,  when  we  multiply  34007  hy  200,  the  result  is 
6801400,  and  we  omit  the  two  zeros  at  the  end,  being 
caieful  to  put  the  4  in  the  place  of  hundi'eds. 

Observe  that,  in  all  cases,  the  first  figure  on  the  right 
of  each  partial  product  will  he  in  the  same  vertical  line 
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25.  li"  we  multiply  a  number  by  10,  the  product  is 
obtained  by  annexing  0  to  the  number,  that  is, 

10  X  864  =  3640. 

If  we  multiply  a  number  by  100,  the  product  is 
obtained  by  annexing  00  to  the  number.,  that  is, 

100  X  364  =-.  36400. 

So  by  annexing  000  to  a  number  we  multiply  it  by 
1000,  and  so  on. 

If  we  have  to  multiply  a  number  by  20,  we  may  first 
multiply  it  by  2  and  then  annex  0  to  the  result,  and 
the  linal  result  will  be  the  product  required. 

Again,  if  we  have  to  multiply  a  number  by  200,  we 
may  first  multiply  it  by  2  and  then  annex  00  to  the 
result. 

The  method  of  expressing  the  result  of  multiplica- 
tions of  this  kind  in  practice  is  as  follows  : 

We  multiply  4276  by  700  and  14239  by  6000  thus  : 


4276 
700 

14239 
6000 

2993200 

85434000 

Examples. 

(vi) 

Find  the  Product  in  the  following  cases  of  Multipli- 
cation. 

(1)  3  times  15.  (2)  4  times  76.  (3)  6  times  98. 
^4)  10  times  87.  (5)  6  times  114.  (6)  7  times  123. 
(7)  11  times  843.         (8)  12  times  947. 

(9)     Multiplv  25  by  2,  3,  7,  9. 

(10)  Multiply  127  by  5',  8,  10,  11,  20,  70. 

(11)  Multiply  2467  bv  4,  6,  11,  12,  500,  7000. 

(12)  Multiply  37429  by  9,  11,  12,  50000,  80000000. 

26,  Ex.  (1).  To  multiply  347  by  23. 
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The  form  of  the  operation  is : 

347 
23 

1041 
694 

7981 

The  explanation  is  this  : 

The  multiplier  is  made  up  of  two  parts  3  and  20,  we  there- 
fore multiply  347  first  by  three,  and  then  by  20,  and  add  the 
two  results. 

Now      3X347  ==1041. 
and      20X347=6940. 

In  setting  down  this  second  result  we  omit  the  zero, 
because  it  will  have  no  effect  on  the  addition  which  has 
to  be  performed. 


Examples,    (vii) 

Multiply 

(1)  23  by  15. 

(4)  70  by  26. 
(7)  205  by  43. 
(10)  57296  by  27. 

(2)  37  by  29.             (3)  45  by  36. 

(5)  125  by  24.          (6)  327  by  42. 
(8)  307  by  98.           (9)  2684  by  35. 
(11)  84293  by  88.      (12)  7629302  by  76. 

Ex.  (2).  To  multiply  34007  by  213. 

34007 
213 

102021 
84007 
68014 

7243491 

Here,  when  we  multiply  34007  by  200,  the  result  is 
6801400,  and  we  omit  the  two  zeros  at  the  end,  being 
careful  to  put  the  4  in  the  place  of  hundreds. 

Observe  that,  in  all  cases,  the  first  figure  on  the  right 
of  each  partial  product  will  be  in  the  same  vertical  line 
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with  the  figure  by  which  we  are  multiplying :  thus,  in 
the  example  just  giveii,  the  4  in  the  third  product  is  in 
the  same  vertical  line  with  the  2  by  which  we  multiplied. 

Ex.  (3).  To  multiply  3D047  by  21009. 

30047 
21009 


270423 
30047 
60094 

631257423 

Here  the  first  figure  on  the  right  of  the  second  pro 
duct  stands  in  the  place  of  thousands,  because  we  are 
then  multiplying  30047  by  1000. 

Ex.  (4).   To  multiply  70407  by  3700. 

70407 
3700 


49284900 
211221 

260505900 


Examples 

.  (viii) 

Multiply 

(1)  326  by  532. 
(3)  809  by  506. 

(2) 

704  by  176. 

(4) 

917  by  406. 

(6)  6376  by  423.    (6)  7846 

by  340. 

(7)  7859  by  5006. 

(8)  85639  by  598. 

(9) 

79802  by  4007. 

(10)  30207  by  5060. 

(11) 

642807  by  90807. 

(12)  8637405  by  40300. 

(13) 

970052  by  40072. 

(14)  980740  by  3406. 

(15) 

9864302  by  300071. 

(16)  870120506  by  700403. 

(17) 

32804070  by  409300. 

(18)  742349  by  947. 

(19) 

578628  by  6205. 

(20)  428734  by  8057. 
(22)  872469  by  70043. 

(21) 

984236  by  5009. 

(23) 

385704  by  36479. 

(24)  423796  by  57243. 

(25) 

620072  by  400205. 

(26)  270403  by  502049. 

(27) 

427964  by  582978. 

MULTIPLICAnON. 
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Ex.  (5).  To  find  the  continued  product  of  14,  8,  and 
70. 

Here  we  first  multiply  14  by  8,  and  then  multiply  the 
product  by  70,  thus : 

14 
8 

112 

70 

7840 
that  is,  14  X  8  X  70  =  7840. 

Examples-    (ix) 
Find  the  continued  product  of 
(1)     18,  19  and  20.  (2)     436,  73,  12  and  5. 

(3)     3476,  2300,  70010  and  2003. 

27.  When  a  number  is  multiplied  by  itself  once, 
twice,  three  times,  .  .  .  the  resulting  products  are 
called  the  second,  third,  fourth,  .  .  .  Powers  of  the 
number.  The  process  is  called  Involution^  and  the 
Power  to  which  the  number  is  raised,  is  expressed  by 
the  number  of  times  the  number  has  been  employed  as 
a  factor  in  the  operation. 

The  term  square  is  usually  employed  instead  of  second 
power. 

The  term  cube  is  usually  employed  instead  of  third 
power. 

Thus,  144  is  the  square  of  12,  because  12x12  =  144. 
64 is  the  cube  of  4,  because  4x4x4=64. 
81  is  the  fourth  power  of  3,  because  3x3x3x3=81. 


Examples,    (x) 

Find  the  squares  of 

(1)    15.            (2)    24. 

(3) 

40. 

l^ 

67. 

(5)    69.            (6)    72. 

(7) 

87. 

100. 

(9)     114.         (10)     237. 

(11) 

625. 

(12) 

897. 

(13)     789. 

And  the  cubes  of 

(14)     11.          (15)     13. 

(16) 

25. 

(17) 

47. 

(18)     68.          (19)     193. 
(22)     356.         (23)     539. 

iS 

100. 

(21) 

257. 

704. 

(25) 

987. 

24 


DIVISION. 


tlie  result  85  from  the  89 T  to  the  remainder  4  we  annex 
the  next  figure  in  the  dividend  ;  then  as  17  is  contained 
in  40  twice,  w^e  set  down  2  as  the  second  figure  in  the 
quotient,  tlien  multiply  17  by  2,  and  substract  tlie  result 
34  fr  a  the  40  ;  and  proceed  by  similar  steps  to  the 
end  of  the  operation. 

Ex.  (3).  Divide  920575  by  23. 

23)  920575  (40025 
92 


057 
46 


115 
116 


Here,  when  we  bring  down  0,  tlie  third  figure  of  the 
dividend,  23  is  not  contained  in  it  ;  we  therefore  set 
down  0  as  the  second  figure  of  the  quotient,  and  when 
we  bring  down  5,  the  fourth  figure  of  the  dividend,  23 
is  not  contained  in  5  ;  we  therefore  set  down  another  0 
as  the  third  figure  of  the  quotient.  Wlien  we  then  bring 
down  7,  the  next  figure  of  the  dividend,  23  is  contained 
in  57  twice,,  and  the  operation  proceeds  easily. 


Divide 


Examples-    (xi) 


(1)  18byG.  (2) 

(3)  84  by  7.  (4) 

(5)  182  by  13.  (0) 

(7)  450  by  19.  (8) 

(9)  30%  by  37.  (10) 

(11)  4:J1376  by  817.  (12) 

(13)  l<)'240470by  342.  (14) 

(15)  22401)1)433  bv  489.  (lO) 

(17)  2880H76  by  i3()9.  (18) 

(19)  980550()5G«7  by  4123.  (20) 

(21)  13312053  by  237.  (22) 

(2.3)  36:)9 19850  by  83.  (24) 

(25)  2188G0101  by  089.  (20) 

(27)  39910424548  by  1001.  (28) 

(29)     26540538445  by  7049. 


27  by  9. 
132  by  12. 
238  by  17. 
3708  by  30. 
0499  by  493. 
970272  by  946. 
80300784  by  358. 
4090325214  by  018. 
10781520  by  0142. 
4070301  by'2019. 
505350300  l)y  89. 
4000304  ]>v  907. 
337103025  by  801. 
152847420  by  5000. 
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(SO)  1165584398000  by  17072. 

(31)  35088008823434  by  74291. 

(a2)  369187022085112  by  65432. 

(33)  837741356152459  by  98989. 

(34)  58376823669  by  642867. 

(35)  2959990965442  by  9864302. 

(36)  261449109180  by  8723694. 

3?,  If  any  two  of  the  three  numbers  that  form  the 
Divisor,  Dividend,  and  Quotient  he  given,  we  can  find 
the  third. 

For  Dividend-i-Divisor= Quotient. 
Dividend-r-Quotient= Divisor. 
Divisor  x  Quotient  =  Dividend. 

Examples,    (xii) 

(1  The  Diviaend  is  1171692,  the  Divisor  342.  Find  the 
Quotient. 

(2)  The  Dividend  is  149201,  the  Quotient  23.  Find  the 
Divisor. 

(3)  The  Divisor  is  987,  the  Quotient  64852.  Find  the 
Dividend. 


SHORT  DIVISION. 

33.  When  the  Divisor  is  not  greater  than  12,  the 
process  of  division  may  be  greatly  abridged. 
Suppose  we  have  to  divide  92368  hy  8. 
The  operation  is  set  down  in  the  following  form  : 
8|92368 

11546     Quotient. 

The  following  is  the  process  : 

Since  8  is  contained  oiice  in  9,  with  1  as  remainder,  we  set 
down  1  under  the  9,  and  mentally  prefix  the  remainder  1  to 
the  2,  reading  the  result  as  12  :  then  since  8  is  contained 
once  in  12,  with  4  as  remainder,  we  set  down  1  under  the  2, 
and  prefix  4  to  the  8,  reading  the  result  as  43  ;  then  since  8 
Is  contained  Jive  times  in  43,  with  3  as  remainder,  we  set 
down  5  under  the  three,  and  prefix  3  to  the  6,  reading  the 
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reflet  as  36  :  then  eince  8  is  coDtained  four  times  in  36,  with 
4  as  remainder,  we  set  down  4  under  the  6,  and  prefix  4  to 
tlie  8,  reading  the  result  as  48  :  then  since  8  is  contained  six 
times  in  48,  with  no  remainder,  we  set  down  6  under  the  8, 
and  our  operation  is  completed. 

Next,  suppose  we  have  to  divide  11042304  by  12. 
The  operation  is  set  down  thus  : 
12111042304 


920192    Quotient. 

The  following  is  the  process  : 

We  must  take  tliree  figures  before  we  obtain  a  number 
which  contains  12 ;  then  we  say  12  is  contained  nine  times 
in  110,  with  2  to  carry  on  ;  then  12  is  contained  twice  in  24, 
and  there  is  nothing  to  cairy  on  ;  then  12  is  not  contained  at 
all  in  2,  we  therefore  set  down  0  under  the  2,  and  carry  on 
2  ;  then  12  is  contained  in  23  once,  witli  11  to  carry  on  ;  then 
12  is  contained  in  110  7iine  times,  with  2  to  carry  on  :  lastly, 
12  is  contained  in  24  twice  exactly. 


Examples   (xiii) 


Divide 


(1)  7652  by  2.  (2)  725961  by  8. 

C3)  8650232  by  4.  (4)  8749320  by  5. 

(5)  7463424  by  6.  (6)  3504221  by  7. 

(7)  713406960  by  9.  (8)  4362017  by  H. 

(9)  7912464  by  12.  (10)  4000623070905  by  9. 

(11)  7642300721  by  11.  (12)  36089882405604  by  12. 

Divide  each  of  the  following   numbers  by  2,  3,    and  4 
sepai'ately: 

(18)  4263924.      (14)     620437548.       (15)     27540918264. 
Divide  each  of  the  following  numbers  by  5,  8,  and  9 

separately : 

(16)    46528920.      (17)     981754200       (18)     234567000. 
Divide  eacli  of  the  following  numbers  by  7,  11,  and  12 
separately : 

(19)  7971348.    (20)  29574468.    (21)  6736387812. 
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VI.  On  the  Resdution  of  Numbers  into  Factors. 

34.  We  shall  discuss  in  this  section  an  operation, 
which  is  tlie  opposite  of  that  whicli  we  call  multiplication. 
In  multiplication  we  determine  the  product  of  too  given 
factors  :  in  the  operation,  of  whicli  we  have  now  to  treat, 
the  product  is  given,   and  the  factors  have  to  he  found. 

35.  For  small  numbers  the  factors  may  be  determined 
by  inspection  : 

thus,  the  factors  of  21  are  3  and  7, 
the  factors  of  55  are  5  and  11. 

36.  When  we  have  found  two  factors  that  make  up  a 
jH'oduct,  one  or  both  of  these  factors  may  be  themselves 
reducible  to  simpler  factors. 

Thus  9  and  6  are  factors  of  54  : 

and  the  factoi-s  of  9  beiiiLj  3  and  3, 
and  the  factors  of  6  being  2  and  3, 

the  number  54  can  be  split  up  into/o?/r  factors,  2,  3,  3,  3. 

37-  Prime  numbers  are  those,  which  have  no  exact 
d' visor  but  themselves  and  unity. 

Thus  2,  3,  5,  7,  11,  13,  17,  19  are  Prime  Numbers. 

Composite  numbers  are  those,  which  can  be  resolved 
into  factors,  each  of  which  is  greater  than  1. 

Thus  4,  6,  8,  9,  10,  12,  14,  15,  IG,  18  are  Composite 
N  ambers. 

38.  Every  composite  number  can  be  resolved  mto 
factors  which  are  prime  numbers  :  thus 

4  =  2X2;  G  =  2x3;  8  =  2x2x2;  9  =  3X3. 
Hence,  in  resolAdng  a  large  number  into  factors,  we 
divide  it  by  any  small  j)rime  number,  by  which  we  know 
it  is  exactly  divisible,  and  then  divide  the  quotient  by 
any  small  prime  number  by  which  it  is  exactly  divisible, 
and  proceed  in  this  way,  till  the  (xuotient  is  1  ;  then 
the  divisors  are  the  factors  requh-ed. 
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Tims,  to  find  the  factors  of  2520  : 


2 

2520 

2 

1260 

2 

630 

3 

315 

3 

105 

5 

35 

7 

7 
1 

Hence  2520  =  2x2x2x3x3x5x7. 

In  practical  artlimetic  we  seldom  require  to  find  all 
the  factors  of  a  composite  number,  but  very  frequently 
we  want  to  know  whether  a  number  is  exactly  divisible 
by  a  particular  number. 

The  student  will  find  it  of  use  to  remember  the  follow- 
ing properties  of  numbers. 

A  number  is  exactly  divisible 

by  2  when  its  last  figure  is  0  or  an  even  cligif ,  as  426  ; 

3  wlien  the  sum  of  its  digits  is  divisible  by  3,  as  579 ; 

4  when  its  last  two  figures  are  divisible  by  4,  as  2304  ; 

8  wlien  its  last  three  figures  are  divisible  by  8,  as  25256; 

5  when  its  last  figure  is  0  or  5,  as  30  and  135  ; 

0  when  the  sum  of  its  digits  is  divisible  by  9,  as  275266  ; 

10  when  its  last  figure  is  () ; 

11  when  tbe  difi"crence  between  the  sum  of  tbo  digits  in 

the  odd  places  (reckoning  from  the  right)  and  the 
Bum  of  the  digits  in  the  even  places  is  either  0  or 
divisible  bv  11. 
Thus  24794  and  829191  arc  divisible  by  11. 


Examples-  (xv) 

Find  whether  the  following  numbers  be  exactly  divis- 
ible by  2,  3,  4,  5,  8,  9,  10  or  11. 
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(1)     117.  (2)     288.  (3)     495. 

(4)    1050.  (5)     23472.         (6)     42345. 

(7)     27464.         (8)     32495,         (9)     84732. 
(10)    6480.         (11)     619182718. 
Note. — We  have  inserted  these   remarks  at  this  point, 
because,  in  attempting  to  resolve  a  large  number  into  factors, 
it  is  well  to  know  whether  the  attempt  to  divide  it  by  2  or  3 
or  5,  &c.,  will  be  successful. 

The  student  may  now,  following  the  instructions  given 
in  Art.  38,  work  another  set  of  Examples. 


Examples,  (xvi) 

Resolve  into  'prime  factoi 

•s  : 

(1)      18. 

(2) 

24. 

(3)         27. 

(4) 

32. 

(5)       36. 

(6) 

89. 

(7)         42. 

(B) 

51. 

(9)      54. 

(10) 

57. 

(11)        72. 

(12) 

85. 

(13)      91. 

(14) 

99. 

(15)       100. 

(16) 

105. 

(17)     108. 

(18) 

112. 

(19)       132. 

(20) 

176. 

(21)     288. 

(22) 

432. 

(23)       525. 

(24) 

625. 

(25)     729. 

(20) 

999. 
(29) 

(27)     1296. 
5760. 

(28) 

1760. 

39.  The  process  of  MultipUcation  may  often  be  made 
shorter  when  the  Multiplier  is  a  composite  number,  by 
resolving  it  into  two  or  more  factors. 

Thus  if  we  have  to  multiply  2579825  by  56,  we  may 
resolve  56  into  the  factors  8  and  7,  and  proceed  thus, 
2579825 
8 


20638600 
7 

144470200 


The  advantage  of  this  method  will  be  more  apparent 
when  we  come  to  multiplication  of  sums  of  money, 
weights,  and  measures. 

Examples,    (xvii) 

Multiply,  after  resolving  the  multiplier  into  factors 
not  greater  than  12, 


80 


INEXACT 

DIVISION. 

(1) 

347  by  14. 

(2) 

423  by  22. 

(3) 

5462  by  27 

(4) 

8497  bv  36. 

('''>) 

8673  by  49. 
49273  by  63. 

(t5) 

28472  bv  56. 

(7) 

(H) 

90728  by  132. 

(9) 
(11) 

90725  by  360. 

(10) 

40207  bv  108.  . 

36729  by  1320. 

(12) 

704075  by  14400. 

40-  So  also  we  may  often  simijlify  the  process  of 
division,  when  the  Divisor,  though  greater  than  12,  can 
be  made  up  by  factors  each  not  greater  than  12.  For 
we  can  divide  the  Dividend  first  by  one  of  these  factors, 
and  then  divide  the  Quotient  by  a  second  factor,  and  so 
on. 

Supi)ose  we  have  to  divide  472G8540  by  45. 

Here  45  can  be  made  up  of  the  factors  9  and  5. 


47268540 


6  5252060 
1050412 

Examples-  (xviii) 
Ax)ply  the  process  just  explained  in  the  division  of 

(1)  34608  by  14.  (2)  6791040  by  15. 

(3)  752364576  by  18.  (4)  1143995886  by  27. 

(5)  285216822  by  33.  (6)  2095501072  by  49. 

(7)  4157028792  by  56.  (8)  1200130008  by  84. 

(9)  22039992  by  108.  (10)  57667632  by  132. 

(11)  472634500  by  125.  (12)  565184160  by  720. 
(13)  537062400  by  14400. 

VII.  Inexact  Division. 

41.  Hitherto  we  have  chosen  Examples,  in  which  tho 
Divisor  is  contained  an  exact  number  of  times  in  the 
Dividend. 

Now  suppose  we  have  to  divide  23  by  7. 

Since  8  x7  =  21,  it  follows  that  we  can  divide  23 
units  into  3  parcels,  each  containing  7  units,  and  when 
we  have  done  this,  2  units  out  of  the  23  remain  over. 

In  such  a  case  we  call  3  the  Quotient,  and  2  the 
■Remainder. 


INEXACT    DIVISION. 
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Agaiu,  if  we  have  to  divide  72469  by  53,  we  proceed 
thus, 

53)  72469  (1367 
63 


194 
159 

356 
818 


871 

18 


Hence  the  Quotient  is  1367,  and  the   Remainder  18. 

Note. — If  we  multiply  the  Quotient  by  the  Divisor,  and 
add  the  Remamder  to  the  product,  the  sum  must  be  equal  to 
the  Dividend. 


'^J™  J 

Examples* 

(xix] 

. 

-'IVIO 

(1) 

(3) 
(5) 
(7) 
(9) 
(11) 

e 

3492  by  37. 

872968  by  47. 
7492736  by  71. 
87467  by  103. 
8276253  by  723. 
48237654  by  4821. 

(2) 
(4) 
(6) 
(8) 
(10) 
(12) 

486296  by  41. 
57092  by  65. 
82749325  by  98. 
978462  by  409. 
974004562  by  1009. 
68725642903  by  6871 

42.  When  we  employ,  in  cases  of  imxaci  division, 
the  method  of  short  division,  after  breaking  up  the 
divisor,  into  component  factors,  as  in  Art.  40,  the  re- 
mainder will  be  found  by  a  process  now  to  be  explained. 

Ex.  (1).  Divide  48276  by  21. 


21 


43276 


14425  and  1  unit  over. 


2000  and  5  parcels  of  3  units,  or  15  units  over. 
Whence  the  Quotient  is  2060,  and  the  Eemainder  is 
16  +  1,  or  16. 


80 


INEXACT 

DIVISION. 

(1) 

347  by  14. 

(2) 

423  by  22. 

(3) 

5462  by  27 

(4; 

8497  bv  36. 

(''5) 

8573  by  49. 

(0) 

28472  bv  56. 

(7) 

49273  by  G3. 

(8) 

90728  by  132. 

(9) 

90725  by  300. 

(10) 

40207  bv  108.  . 

(11) 

36729  by  1320. 

(12) 

704075  by  14400 

40-  So  also  we  may  often  simplify  the  process  of 
division,  when  the  Divisor,  though  greater  than  12,  can 
be  made  up  by  factors  each  not  greater  than  12.  For 
we  can  divide  the  Dividend  first  by  one  of  these  factors, 
and  then  divide  the  Quotient  by  a  second  factor,  and  so 
on. 

Suppose  we  have  to  divide  472G8540  by  45. 

Here  45  can  be  made  up  of  the  factors  9  and  5. 


47268540 


6     5252060 


1050412 

Examples-  (xviii) 
Apply  the  process  just  explained  in  the   division   of 
(1)     34608  by  14.  (2)     6791040  by  15. 

(3)     752364576  by  18.  (4)     1143995886  by  27. 

(5)     285216822  by  33.  (6)     2095501072  by  49. 

(7)     4157028792  by  56.  (8)     1200130008  by  84. 

(9)     22039992  by  108.  (10)     57667632  by  132. 

(11)     472634500  by  125.  (12)     565184160  by  720. 
(13)     537062400  by  14400. 


VII.  Inexact  Division. 

41.  Hitherto  we  have  chosen  Examples, in  whicli  tho 
Divisor  is  contained  an  exact  number  of  times  in  tho 
Dividend. 

Now  suppose  we  have  to  divide  23  by  7. 

Since  3x7  =  21,  it  follows  that  we  can  divide  23 
units  into  3  parcels,  each  containing  7  units,  and  when 
we  have  done  this,  2  units  out  of  tlie  23  remain  over. 

In  such  a  case  we  call  3  the  Quotient,  and  2  the 
"Remainder. 
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Agaiu,  if  we  have  to  divide  72469  by  53,  we  proceed 

thus, 

63)  72469  (1367 
63 


194 
159 

356 
818 


889 
371 


18 


Hence  the  Quotient  is  1367,  and  the   Eemainder  18. 

Note. — If  we  multiply  the  Quotient  by  the  Divisor,  and 
add  the  Remainder  to  the  product,  the  sum  must  beeq[ual  to 
the  Dividend. 
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Examples- 

(xixj 

jiYid 

8 

(5) 

(7) 

(9) 

(11) 

e 
3492  by  37. 

872968  by  47. 
7492736  by  71. 
87467  by  103. 
8276253  by  723. 
48237654  by  4821. 

(2) 
(4) 
(6) 
(8) 
(10) 
(12) 

486296  by  41. 
57092  by  65. 
82749325  by  98. 
978462  by  409. 
974004562  by  1009. 
68725642903  by  6871. 

42.  When  we  employ,  in  cases  of  inexact  division, 
the  method  of  short  division,  after  breaking  up  the 
divisor,  into  component  factors,  as  in  Art.  40,  the  re- 
mainder will  be  foimd  by  a  process  now  to  be  explained. 

Ex.  (1).  Divide  43276  by  21. 


21 


43276 

14425  and  1  unit  over, 


2000  and  5  parcels  of  3  units,  or  15  units  over. 
Whence  the  Quotient  is  2060,  and  the  Eemainder  is 
16  +  1,  or  16. 
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Ex.  (2).  Divide  5T2MS  by  125. 
,  5  572948 


125  J  5 


114589  and  3  units  over, 
22917  and  4  parcels  of  5  units,  or  20  units  over. 


4583  and  2  parcels  of  25  units,  or  50  units  over 
Whence  the  Quotient  is  4583,  and  the  Remainder  i< 
50  +  20  +  3,  or  73. 

Examples,    (xx) 
Divide,  employing  Short  Division, 


(I)    4153  by  15. 

(2) 

687595  by  16. 

(3)  42813  by  18. 

(4) 

423672  by  21. 

(5)  724972  by  25. 

(«) 

569024971  by  27. 

(7)  2825780  by  33. 

(8) 

804239(5  by  35. 

(9)  350599  by  48. 

(10) 

8274913  by  64. 

(11)  230047914  by  77. 

(12) 

41.9421  by  99. 

(13)  44487  by  105. 

(14) 

95379  by  189. 

(15)  1194477  by  210. 

43.  In  dividing  a  number  by  10,  we  have  merely  to 
mark  off  the  last  figure,  the  other  figures  giving  the 
quotient,  and  the  figure  marked  off  the  remainder. 
Thus  2460197-i-10= 246019  with  remainder  7. 

Again,  to  divide  42395G75  by  20,  we  might  proceed 
thus, 

10:42395075 


21  4239567  and  5  units  over, 

2119783  and  1  parcel  of  10  units  over; 


vvhence  the  Quotient  is  2119788,  and  Remainder  10  -f-  5, 
or  15. 

But  the  operation  is  written  more  briefly  thus : 
■      2/ 014239567, 5 

2119783     and  15  remainder. 
Again, 
in  dividing  by  100,  we  mark  otf  the  laat  two  figures, 
in  dividing  by  1000,  we  mark  of  the  Icutt  ii\ree  figures 
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from  divisor  and  dividend,  and  fmd  the  quotient  and 
remainder  by  a  similar  process. 

44.  If  ^ny  three  of  the  four  numbers,  that  form  the 
Divisor,  Dividend,  Quotient  and  Eemainder  be  given,  we 
can  find  the  fourth. 

1.  Let  Divisor,  Dividend,  and  Quotient  be  given. 
Multiply  the  Divisor  by  the  Quotient,  subtract  the  result 
from  the  Dividend,  and  you  have  the  Eemainder. 

2.  Let  Divisor,  Quotient,  and  Eemainder  be  given. 
Multipty  the  Divisor  by  the  Quotient,  add  the  Eemainder 
to  the  result,  and  you  have  the  Dividend. 

3.  Let  Divisor,  Dividend,  and  Eemainder  be  given. 
Substract  the  Eemainder  from  the  Dividend,  divide  the 
result  by  the  Divisor,  and  you  have  the  Quotient. 

4.  Let  Quotient,  Dividend,  and  Eemainder  be  given. 
Substract  the  Eemainder  from  the  Dividend,  divide  the 
result  by  the  Quotient,  and  you  have  the  Divisor. 

Examples-    (xxi) 

(1)  The  Divisor  is  25,  the  Dividend  4276,  the  Quotient 
171.     Find  the  Remainder. 

(2)  The  Divisor  is  342,  the  Quotient  1381,  the  Remainder 
67.     Find  the  Dividend. 

(3)  The  Divisor  is  596,  the  Dividend  372149,  the  Remain- 
der 245.     Find  the  Quotient. 

(4)  The  Quotient  is  2910,  the  Dividend  8765237,  the  Re- 
mainder  317.     Find  the  Divisor. 


\j 


VIII.  Methods  of  Verifying  the  Operations  and 
some  Practical  Methods  of  Shortening  Labor  in 
the  Fundamental  Rules. 

45.  Addition.  The  usual  verification  is  to  add  both 
upwards  and  downwards,  and  see  if  the  sums  agree. 
This  is  generally  sufficient.  Another  method  is  to 
di-aw  a  horizontal  line  across  the  middle  of  the  sum 
and  add  it  in  two  separate  parts,  then   find  the  sum  of 


[i 


34  PRACTICAL    METHODS    OF    SHORTENING    LABOR. 

the  two  answers,  which  must  agree  with  the  work  it  is 
to  verify.  If  it  be  a  very  long  sum,  it  may  be  divided 
into  three  parts  by  two  horizontal  lines,  and  the  three 
separate  sums  found,  &c. 

46.  Subtraction.  The  correctness  of  the  result  in 
subtiaction  may  be  tested  by  adding  the  remainder  or 
difference  to  the  subtrahend,  when  the  result  ought  to 
be  the  same  as  the  top  line  or  minuend. 

47-  Multiplication.  The  proof  of  multiplication  by 
castinc/  oiit  the  nines  dej)ends  on  the  following  property 
of  numbers  : — 

Any  numher  'Hvided   by  nine   will   leave  the   seme   re- 
ainder  as  the  sum  of  its  digits  divided  hy  nine. 

This  will  be  evident  from  the  following  example : 
6783        6000        700        80         3 
9~  ^  ~9~  +9    +    9+9 

=  (606  +  -S)  -}-  (77+5)+  (8  +  f +|) 

=^«^+^^+«+i+9-+l-+i 

Hence  it  is  clearly  seen  that  the  remainder,  arising 
from  the  division  of  6783  by  9  is  the  same  as  that  aris- 
ing from  the  division  of  the  sum  of  the  digits  by  9. 

This  test  may  be  given  in  the  form  of  the  following 
rule: 

Divide  ilu,  mim  of  the  digits  in  the  Midtiplirand  hy  P, 
arid  set  dotm  the  remainder.  Divide  the  sum  of  the  digits 
in  the  Multi])licr  by  9,  and  set  down  the  remainder.  Mul- 
tiply the  two  remainders  together,  divide  the  result  hy  9, 
and  set  down  the  remainder.  If  tJie  process  be  correct, 
this  remainder  will  be  the  saws  as  the  remainder  obtained 
by  taking  the  sum  of  the  digits  in  tlie  Product  and  divid- 
ing it  hy  9. 

For  example,  if  we  multiply  76371  by  854  tJie  pro- 
duct is  65220834. 


PRACTICAL    METHODS    OF    SHORTENING    LABOB.  35 

Sum  of  digits  i»  Multiplicand  =  24, 

and  24-^9  gives  remainder 
Sum  of  digits  in  Multiplier  =  17, 

and  17-^•9  gives  remainder  - 
First  remainder  X  second  remainder  =  48, 

and  48-i-9  gives  remainder  8. 
Sum  of  digits  in  the  Product  =  30, 

and  30-7-9  gives  remainder  8. 

This  so-called  proof  is  defective  as  a  proof  in  the 
following,  as  it  fails  to  detect  errors  in  the  product — 

1.  If  the  order  of  figures  in  the  product  be  misplaced, 
as  37  for  73. 

2.  If  errors  be  made  whicli  counterbalance  each  other, 
as  35  written  for  62,  the  sum  of  digits  in  each  case 
being  the  same. 

3.  If  9  be  written  for  0,  or  0  for  9,  or  either  be 
omitted  or  inserted  too  often. 

48.  Division.  To  prove  division,  multiply  the  divisor 
by  the  quotient,  and  add  the  remainder,  if  there  is  one, 
to  the  product.  If  the  result  is  equal  to  the  dividend, 
we  have  a  verification  of  the  first  operation.  Division 
may  also  be  proved  by  casting  out  the  nines,  but  the 
proof  is  less  direct  than  in  multiplication.  For  instance, 
if  we  divided  417  by  29  the  quotient  is  14  with  remainder 
11.  The  most  convenient  form  in  which  to  apply  the 
proof  of  nines  is  to  write  this  in  the  form  of  29  x  14  + 11 
=  417.  The  remainder  gives  2x54-2  or  12.  This 
remainder  and  the  dividend,  417,  divided  by  9,  give  a 
remainder  3,  which  therefore  proves  the  work. 

49.  Arithmetical  Complement.  The  arithmetical 
complement  of  a  number  is  defined  to  be  the  difference 
between  any  given  number  and  the  unit  of  the  next 
superior  order  ;  thus  6  is  the  arithmetical  complement  of 
4,  47  of  53,  8468  of  1532,  and  so  on,  being  the  differ- 
ences respectively  of  4,  53,  1532,  and  10,  100,  10000, 
the  next  superior  units  of  these  numbers.  Conversely, 
also,  4,  53,  1532  are  the  arithmetical  complements  of  6, 
47,  8468  respectively. 
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The  arithmetical  complement  of  a  number  may  be 
found  by  the  following  rule  : — 

Befjin  at  the  left  hand  and  subtract  evei^j  figure  'from 
9  until  the  last  ;  subtract  that  from  10. 

The  arithmetical  complement  may  be  used  to  find  the 
difference  between  two  numbers,  thus  :  if  239  be  sub- 
tracted from  576  the  remainder  is  337.  But  if  761,  the 
arithometical  complement  of  239,  the  less  number,  be 
added  to  576,  the  greater,  the  sum  will  be  1337,  one 
unit  (1000  in  this  case)  of  the  next  superior  order 
greater  tlian  the  difference  of  the  two  numbers.  By 
removing  this  unit,  the  number  will  be  left  equal  to  the 
difference  of  239  and  576  ;  so  that  the  difference  of  the 
two  numbers  can  be  found  by  addition.  The  arithmetical 
complement  may  be  written  thus  1761,  with  the  sub- 
tractive  unit  on  the  left,  which  when  added  to  576,  the 
sum  will  be  337,  the  additive  and  subtractive  units 
being  together  equal  to  zero. 

This  method  is  employed  with  great  advantage  to 
find  the  aggregate  of  several  numbers  when  some  of 
them  are  additive  and  some  subtractive.  Thus,  if  we 
have — 

3795  - 1532  -  2019+8759  -  5104 

We  arrange  them  as  follows.: — 

3795 

A.  C.  of  1582  is  18468 

2019  "  17981 

8759 

•*        5104  "  14896 

3899 
the  aggregate  required. 

50-  Contractions  in  Multiplication. — Tlie  multipli- 
cation by  any  number  from  12  to  19  inclusive,  may  be 
effected  as  follows  : 

Multiply  by  the  figure  if  the  Multiplier  in  the  units' 
place,  and  to  the  number  to  be  carried  add  the  figure  &f 
the  Multiplicand  just  multiplied. 
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E^.  1.     Multiply  2384  by  19. 

2084 
19 


45296 


4X9  =  36  ;  set  down  6  and  carry  3. 

8x9-f-3  carried4-4,  the  units  figure  of  the  multiplicand 

=  79  ;  set  down  9  and  carry  7. 

3x9-f-7  carried+S,  the  tens'  figure  of  the  multiplicand 

=  42  ;  set  down  2  and  carry  4. 

2x9+4  carried-i-3,  the  hundreds'  figure  of  the  multipli- 
cand =  25  ;  set  down  5  and  carry  2. 

2  carried-J-2,  the  thousands'  figure  of  the  multiplicand 
=  4  ;  set  down  4. 

The  bacJcfigurt.  system,  as  it  is  sometimes  called,  may 
be  extended  to  numbers  between  20  and  30,  and  be- 
tween 30  and  40,  by  adding  to  the  number  to  be  carried 
the  double  or  the  treble  of  the  figure  of  the  multiplicand 
just  multiplied. 

Ex.  2.  Multiply  34578  by  999. 

Here  34578000  =  1000  times  84578. 
and  34578=     1 


34543422  =  999  times  34578. 


Ex.  3.  Find  the  product  of  34578  by  699. 

Here  699  =  700-1 
And  24204600  =  700  times  34578. 
34578  =      1       ' 


24170022  =  699  times  34578. 


Hence,  any  number  can  be  multiplied  by  99,  999, 
9999,  &c.,  by  annexing  2,  3,  4,  &c.,  ciphers  to  the 
multiplicand,  and  subtracting  the  multiplicand  from 
this  product.  And  in  a  similar  way  any  number  can 
bo  multiplied  by  another  composed  of  a  repetition  of 
the  figure  with  any  other  figure  in  the  highest  place. 
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Ex.  4.  Multiply  9643287  by  378427. 

964  32  87 

(378)(42)(7) 

7  times  the  multipland  =  67503009 

42  times     the  multiplicand  =  6 
times  7  tims^  multiplicand  =  Q  ]■  =  405018054 
times  67503009 
378  times  the  multiplicand 

=  Otimes    42    times    the 

mulultinJicand  --  9  timeo  f 

405018054  J 


3645162486 


3649280169549 

To  Square  any  Number  ending  in  5. 

Square  the  5  and  write  down  the  result  ;  then  in- 
crease the  number  to  the  left  of  5  by  1,  and  multiply/ 
this  sum  by  the  number  to  which  the  1  was  added. 
Set  this  product  to  the  left  of  the  25  and  the  numbei 
thus  formed  will  be  the  result  requii'ed. 

Ex.  Find  the  square  of  75. 

5  squared  =  25. 
Add  1  to  7  and  multiply  by  7  and   place  the  66  to  the 
left  of  the  25.     6625  is  the  result  required. 

51.  Abbreviations  in  Division.  Since  4  x  25  is  100, 
and  8  x  125  is  1000,  the  division  by  25  will  be  effected 
by  multiplying  the  dividend  by  4,  and  cutting  off  the  last 
two  figures  from  the  product.  The  division  by  125  will 
be  effected  by  multii)lying  the  dividend  by  8,  and  cut- 
ting off  the  last  three  figures  from  the  product.  In  each 
case  the  figures  cut  off,  when  divided  respectively  by  4 
or  by  8,  will  be  the  remainder,  and  those  left  will  be  the 
quotient. 

Any  number  can  bo  divided  by  9,  99,  999,  tl'c,  by 
successively  dividing  the  given  number  by  10,  100, 
1000,  &c.,  respectively,  and  taking  the  sum  of  the 
successive  remainders  for  the  true  remainder;  except 
when  the  sum  of  the  latter  exceeds  the  next  higher 
unit ;  in  that  ca^e  both  the  quotient  and  remainder  must 
be  increased  by  unity. 
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Ex.  Divide  65874  by  99. 

100 )  658,74 

6,58 

6 


665,39 
Here  the  sum  of  the  partial  remainder  is  138,  and 
both  the  quotient  and  remainder  must  be  increased  by 
unity.     The  reason  of  this  we  leave  as  an  exercise  for 
the  student. 

There  is  a  method  of  dividing  one  number  by  an- 
other, termed  the  Italian  method,  which  materially 
shortens  the  process.  In  this  method  aU  the  partial 
siibtrahends  are  omitted,  and  only  the  partial  remain- 
ders retained  in  the  working. 

Ex.  Divide  108419716121  by  5788. 

6783 )  108419716121  ( 18748006 


50589 
43257 
27761 
46296 
2121 


3206  final  rem. 

The  first  step  is  simply  subtraction,  giving  5058  for 
remainder.  The  work  of  the  next  step  is  as  follows  : 
8  times  3  is  24  :  4  from  9  gives  5  (which  put  dow^n) 
and  carry  2.  8  times  8  and  2  give  66  :  6  from  8  gives  2 
(which  put  down)  and  carry  6.  8  times  7  and  6  give 
62  :  2  from  5  gives  3  (put  down)  and  carry  6.  8  times 
5  and  6  give  46  :  46  from  50  gives  4  (put  down.) 

It  sometimes  happens  that  one  has  also  to  be  carried 
from  the  subtraction.     For  instance,  in  this  case — 

6783  )  50581 ( 8 
4317 
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We  say :  8  times  3  is  24  :  4  from  11  gives  7  (put  down) 
and  carry  3  (instead  of  2).  Then  8  times  8  and  3  give 
67  :  7  from  8  gives  1  (put  down)  and  cany  6,  &c. 

Examitiation  Papers. 
I. 

(1)  Express  in  words,  4237496 ;  and  in  figures,  six  hun- 
dred and  fifty-three  thousand  eight  huadred  and  twelve. 

(2)  Find  the  sum  of  24753,  88729,  4237,  and  80462. 
(8)  Find  the  difference  between  83293  and  78464. 

(4)  Multiply  8627  by  493,  and  50042  by  307. 

(5)  Divide  8423793  by  9,  and  2659582  by  358. 

II. 

(1)  Write  in  figures,  twenty -five  millions  two  hundred  and 
fifty-seven  thousand  six  hundred  and  thirty;  and  in  words, 
402050407. 

(2)  From  seventeen  millions  and  seventeen  take  eight 
thousand  and  eight. 

(3)  Multiply  6549  by  4037,  and  27004  by  3700. 

(4)  Divide  3245G789  by  96,  first  by  long  division  and  then 
by  short  division,  and  show  that  the  results  agree. 

(5)  Find  the  sum  of  one  million  and  six,  fifteen  thousand 
and  eleven,  one  hundred  thousand  and  ten,  and  sixty  thou- 
sand four  hundred  ;  and  divide  the  result  by  9. 

III. 

(1)  Write  in  words,  10010201401 ;  and  in  figures,  one 
million  twenty-three  thousand  aud  one.  Add  together  the 
two  numbers,  and  from  the  sum  subtract  their  difference. 

(2)  Multiply  740296  by  2089,  and  426004  by  3704. 

(3)  Divide  78297426  by  35,  employing  short  division. 

(4)  From  one  hundred  and  twenty-six  millions  four  hun- 
dred and  six  thousand  and  three  take  ninety-five  millions 
and  four. 

(5)  Divide  the  product  of  723  and  347  by  48 

rv. 

(1)  Express  in  figures  the  number  represented  hy 
MDCCCLXXXVIII. 

(2)  Divide  987664321  by  132,  using  short  division. 
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(3)  Reduce  to  prime  factors  56,  78,  and  114. 

(4)  Multiply  the  sum  of  86297  and  40025  by  the  difference 
between  789  and  694. 

(5)  By  how  many  does  one  million  exceed  one  hundred 
and  one  ? 

V. 

(1)  Divide  three  hundred  and  fifty-thiee  billions  eighi 
millions  nine  hundred  and  seventy-two  thousand  six  hun- 
dred and  two  by  5400. 

(2)  Multiply  8976589  by  9876. 

(3)  Resolve  into  elementary  factors  [l.  e.  prime  numbers) 
40,  90,  and  126. 

(4)  Express  in  Roman  Notation  24,  47,  and  178. 

(5)  How  many  bricks  may  be  taken  away  in  24  carts, 
each  taking  500  bricks  ? 

VI. 

(1)  Explain  the  method  for  the  multiplication  of  two  num- 
bers, each  consisting  of  several  figures,  and  multiply  30071 
by  20590,  explaining  the  reason  for  each  step  of  the  process. 

(2)  Multiply  76894754  by  112756  in  three  lines  of  partial 
products. 

(3)  By  what  number  must  the  product  of  the  sum  and 
difference  of  8376  and  5684  be  in^-eased  so  that  the  result 
may  be  exactly  divisible  by  7859  ? 

(4)  A  drover  bought  527  sheep  at  $2  per  head ;  twice  as 
many  calves  at  thrice  as  much  per  head,  19  cows  at  $29  per 
head,  and  thrice  as  many  horses  as  cows  at  four  times  as 
much  a  piece.     How  much  did  the  whole  drove  cost  him  ? 

(5)  One-half  the  sum  of  two  numbers  is  4331,  and  one-half 
thftu-  difference  is  3353.     Find  the  numbers. 

VII. 

(1)  Eight  head  of  cattle  at  $23  each,  and  7  horses  at  $89 
each,  were  given  for  3  acres  of  land.  What  was  the  land 
worth  per  acre  ? 

(2)  If  18  men  can  reap  a  field  in  76  days,  how  long  will 
it  take  19  men  to  reap  the  same  field  ? 

(3)  A  man  bought  an  equal  number  of  sheep  and  cows  for 
16300.  Each  sheep  cost  ^3.50,  and  each  cow  |21.50.  How 
many  of  each  did  he  buy  ? 
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(4)  It  was  found  that  after  789  had  been  subtracted  375 
times  from  a  certain  number  that  the  remainder  was  362. 
Find  the  number. 

(5)  The  ages  of  three  brothers  are  19,  17,  and  15  years, 
and  their  father  wills  them  his  property  worth  ^35,700 
according  to  their  ages.     What  does  each  get  ? 

(1)  There  is  a  number  which,  when  divided  by  4  and  the 
quotient  diminished  by  35^  and  the  result  multiplied  by  10, 
and  the  product  decreased  by  the  difference  between  the 
arithmetical  complements  of  7846  and  3479  gives  883.  Find 
the  number.  ^ 

(2)  If  5  lbs.  of  tea  are  worth  15  lbs.  of  coffee,  and  4  lbs. 
of  coffee  are  worth  8  lbs.  of  sugar,  how  many  pounds  of 
sugar  are  worth  75  lbs.  of  tea  ? 

(3)  Find  the  number  from  which  if  13675  be  taken  the 
remainder  will  be  45209  less  27645. 

(4)  A  horso  is  worth  8  times  as  much  as  a  saddle,  and 
both  together  are  worth  $2t5l.     Find  the  value  of  the  horse. 

(5)  A  dealer  in  cattle  gave  $6400  for  a  certain  number, 
and  sold  a  part  of  them  for  #3600  at  $18  each,  and  by  so 
doing  lost  $2  per  head.  For  how  much  a  head  must  he  sell 
the  remainder  to  gain  $800  on  the  whole  ? 

"  IX. 

(1)  Any  number  may  be  multiplied  by  5,  25,  125,  &c.,  by 
annexing  1,  2,  3,  &c.,  ciphers  respectively  to  the  number, 
and  then  dividing  it  by  2,  4,  8,  &c.  Explain  the  reason  of 
this  rule. 

(2)  Of  what  number  is  99995  both  divisor  and  quotient? 

(3)  A  person  bequeathed  his  property  to  his  3  sons.  To 
the  yowUgest  he  gave  $1789;  to  the  second  5  times  as  much 
as  to  the  youngest ;  and  to  the  eldest  3  times  as  much  as  to 
the  second ;  find  the  value  of  the  property. 

(4)  In  walking  ascertain  distance  John  takes  17694  steps; 
how  many  steps  will  James  take  in  walking  half  the  dis- 
tance, John  taking  3  steps  for  every  four  of  James's  ? 

(5)  A  merchant  failed  and  his  goods  were  worth  $7770. 
Out  of  this  hp  can  pay  his  creditors  37  cents  on  the  dollar. 
One  of  his  creditors  got  $1998  as  his  share.  Find  the  mer- 
chant's indebtedness,  and  what  he  owed  the  one  creditor. 
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X. 

(1)  In  the  multiplication  of  numbers,  how  do  you  prove 
the  correctness  of  the  operation  by  casting  out  the  nines  ? 
Explain  and  give  reasons  for  the  rule,  and  show  the  errors 
to  which  it  is  liable. 

g)  Multiply  together  172814412  and  987654321  in  three 
liiJ^  of  partial  products.  ^ 

:  (3)  Simplify  1^2+4-8  +  16^  32+64 -1284r256-512-f 
1024  -  2048+4096  -  8  ^fW>  +  16384  -  32768+65536  - 131072+ 
262144  -  524288+104{?576  -  2097152+4194304. 

(4)  Divide  7864643457  by  9999. 

(5)  The  quotient  is  equal  6  times  the  divisor,  and  the 
divisor  to  6  times  the  remainder,  and  the  three  together 
amount  to  516  ;  find  the  dividend. 

IX.    On  tlie  Method   of  Finding  the  Highest 
Common  Factor  of  Two  or  more  Numbers. 

52.  A  numi)er  is  said  to  be  a  Factor  of  another  num- 
ber, when  the  latter  is  exactly  divisible  by  the  former. 
Thus  3  is  a  factor  of  12. 

A  nuijaber  is  said  to  be  a  Common  Factor  of  two  or 
more  numbers,  when  each  of  the  >attSr  is  exactly  divis- 
ible by  the  former.  Thus  3  is  a  Common  Factor  of  9, 
12,  and .15. 

The  Highest  Common  Factor  of  two  or  more  numbers 
is  the  highest  number  which  will  exactly  divide  each  of 
them. 

Thus  6  is  the  highest  Common  Factor  of  6,  12,  and 
18,  and  9  is  the  Highest  Common  Factor  of  27,  36  and 
108. 

The  words  Highest  Common  Factor  we  shaU  write 
briefly  h.  c.  f. 

For  small  numbers  the  h.  c.  f.  may  be  found  by  in- 
spection, and  by  way  of  practice  the  student  may  work 
the  following. examples,  applying  the  tests  of  divisibility 
given  in  Art.  38. 
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Examples,  (xxii) 
Find  the  h.  c.  f.  of 

(1)     8  and  14.  (2)  12  and  30. 

(3)     40  and  60.  (4)  36  and  90. 

(5)    48  and  144.  (6)  7,  14,  21. 

(7)     15,  27,  105.  (8)  32,  48,  128. 

(9)    16,  64,  256,  1024.  (lOJ  24,  51,  105,  729. 

53.  In  large  numbers,  the  factors  cannot  often  be 
determined  •  by  inspection,  and  if  we  have  to  find  the 
H.  c.  F.  of  two  such  numbers,  we  have  recourse  to  the 
following  Eule : 

Divide  the  greater  of  the  two  numbers  by  the  less,  and 
the  Divisor  by  the  remainder,  repeating  the  process  until 
710  remainder  is  left:  tJie  last  Divisor  is  the  h.  c.  f. 
required. 

Thus,  to  find  the  h.  c.  f.  of  089  and  1573,  we  proceed 
thus : 

689  )  1573  (  2 
1378 

195)689(3 
685 

104)195(1 
104 

91)104(1 
91 

13)91(7 
91 

Hence  13  is  the  h.  o.  f.  of  689  and  1573. 
The  reason  of  the  above  process  depends  upon  the 
following  proposition : 

A  comvfion  factor  of  any  two  numbers  is  also  a  factor 
of  their  sum,  of  their  difference,  and   of  any  multiples  of 
eit/ier  of  them. 
Thus,  7  is  a  common  factor  of  28  and  91 ; 

7  is  also  a  factor  of  their  sum,  28+91,  or  119; 

7  is  also  a  factor  of  their  difference^  91 — 28  or  03. 
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Also,  7  is  a  factor  of  5  times  91,  and  of  any  other  multiple  of  91. 
And  7  is  a  factor  of  8  times  28,  and  of  any  other  multiple  of  28. 

Any  number  which  is  a  factor  of  689  and  1573  is  a  factor  also 
of  their  difference  195, 

and  is  therefore  a  factor  of  any  multiple  of  195  -e.  g.,  585, 

and  therefore  of  585  and  689, 

and  therefore  of  their  difference,  104, 

and  therefore  of  104  and  195, 

and  therefore  of  their  difference,  91, 

and  therefore  of. 91  and -104, 

and  therefore  of  their  difference,  13, 

and  therefore  of  91  and  13, 

and  therefore  since  13  is  a  factor  of  itself  and  91,  it  is  a  factor 
of  the  given  numbers  689  and  1573. 

Also,  13  is  the  Highest  Common  Factor  of  the  given  numbers, 
for  it  has  been  shown  that  any  number  which  is  a  factor  of  689  and 
1573  is  also  a  factor  of  13,  and  since  13  is  the  highest  factor  of 
itself,  it  is  the  Highest  Common  Factor  of  689  and  1573. 

In  the  preceding  .proof  it  maybe  observed  that  the  quotients 
are  of  no  importance  to  the  result.  We  are  simply  finding  the 
difference  between  a  certain  number  used  as  a  dividend  and  a 
multiple  of  another  number  used  as  a  divisor.  This  multiple, 
therefore,  need  not  always  be  less  than  the  dividend,  and  it  will 
be  sufficient  to  find  the  difference  between  the  dividend  and  the 
nearest  multiple  of  the  divisor.  Attention  to  this  will  some- 
times shorten  the  labor.  Thus  in  the  preceding  example, 
195)689(4 
780 

91)195(2 
182 

13)91(7 

Examples-  (xxiii) 
Find  the  h.  c.  p.  of 

(1)     384  and  1296.  (2)  2272  and  3552. 

(3)    7455  and  47223.  (4)  12321  and  54345. 

(5)     6906  and  10359.  (6)  1908  and  2736. 

(7)    49608  and  169416.  (8)  126025    and   40115. 

(9)     1581227  and  16758766.  (10)  35175   and  236845. 

54.  If  tlie  h.  c.  v.  of  three  numbers  be  required,  we 
first  find  the  h.  c.  p.  of  two  of  the  numbers.  Then  the 
H.  c.  F.  of  this  result  and  the  third  number  will  be  the 
h.  c.  f.  required. 
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For  example,  if  we  require  the  h.  c.  f.  of  351,  459, 
and  1017,  we  first  find  the  ii.  o.  f.  of  351  and  459  to  be 
27,  and  then  we  find  the  h,  c.  f.  of  27  and  1017  to  be  9, 
which  is  therefore  the  h.  c.  f.  requu-ed. 


Examples-  (xxiv) 

Find  the  h.  c.  f, 

.of 

a) 

16, 

20,  28. 

(2) 

14, 

42,  56.  138. 

(B) 

365. 

,  511,  808. 

(4) 

232, 

,  200, 

493. 

(5) 

492, 

1476, 

1763. 

(6) 

148, 

444, 

592,  703.    \ 

\ 

X  -.Lowest  Common  Multiple. 

55.  A  number  is  called  the  Multiple  of  another  num- 
ber, when  the  former  is  exactly  divisible  by  the  latter. 
Thus  12  is  a  multiple  of  8. 

A  number  is  said  to  be  a  Common  Multiph  of  two  or 
more  numbers,  wlien  the  former  is  exactly  divisible  by 
each  of  the  latter.  Thus  12  is  a  Common  Multiple  of 
2,  8  and  4. 

The  Lowest  Common  Multiple  of  two  or  more  num- 
bers is  the  lowest  number,  which  is  exactly  divisible  by 
each  of  them. 

Thus  12  ici  the  Lowest  Common  Multiple  of  4,  G  and 
12,  and  60  is  the  Lowest  Common  Multiple  of  15,  20 
and  80. 

The  words  Lowest  Common  Multiple  we  shall  write 
briefly  l.  c,  m. 

56.  To  find  the  l.  o.  m.  of  two  numbers  we  have  the 
following  Eule. 

Divide  one  of  the  numhers  hy  the  h.  c.  f.   and  midfiphj 
the  quotient  by  the  otJier  number.      The  result  is  the  l.  c.  m. 
For  example,  to  find  the  l.  c.  m.  of  24  and  36. 
The  H.  c.  F.  of  24  and  86  is  12. 

Now  24 -j- 12=2. 
.*.  L.  c.  M.  of  24  and  36  =  36x2  =  72. 
Note. — The  symbol  .*.  stands  for  the   word  therefore. 

Since  12  is  the  h.  c.  f.  of  24  and  36,  then  24  =  12X2  and3G  = 
12X3,  also  24X36  ==  12X2X12X3,    and  obviously  the  least   com- 
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mon  multiple  of  the  two  numbers   will  consist  of   the   product  of 
all  the  prime  factors  in  the  two  numbers  ;  or   the   least  common 

24X36       „„ 
multiple  of  24  and  36  =  12X3X2  ov—^T   "^ 

And  there  is  no  integral  number  less  than  72,  which  is  a  mul- 
tiple of  24  and  36. 

:^or  72  contains  24,  3   times,  36,  2  times,  and   3  and  2   being 

prime  to  each  other  : 

„,,       ,        ^,                        ,   „ ,        ,  o^  —  24X36,   or   the  least 
Wherefore  the  l.  c.  m.  of  24  and  36 v^ — 

common   multiple   of  two  numbers,   is   equal  to   their   product 
divided  by  their  highest  common  factor. 

The  following  form  is  perhaps,  more  convenient  in  practice. 

24X36  36 

L.  C.  M.  of  24  and  36  =    j2~~  =  24x  — • 

The  L.  c.  M.  of  two  numbers  is  equal  to  the  product  of  either 
of  the  numbers  multiplied  by  the  quotient  arising  from  dividing 
the  other  by  their  highest  common  factor. 

Examples,  (xxv) 

Find  the  L.  C.  M.  of 

(1)     27  and  54.  ,     (2)  88  and  108. 

(3)    633  and  844.  (4)  195  and  735. 

(5)     1000  and  2125.  (6)  3432  and  3575. 

(7)     936  and  2925.  (8)  2304  and  4032. 
(9)    2443  and  4537. 

57.  To  find  the  l.  c.  m.  of  three  or  more  numbers,  we 
miglit  find  the  l.  c.  m.  of  any  two,  and  then  find  the 
L.  c.  M.  of  the  resulting  number  and  of  a  third  of  the 
original  numbers,  and  so  on,  the  final  result  being  the 
L.  c.  M.  required. 

Thus  to  find  the  l.  c.  m.  of  12,  20,  36  and  54,  we 
miglit  proceed  thus : 

the  L.  c.  M.  of  12  and  20  is  60, 
of  60  and  36  is  180, 
of  180  and  54  is  540 ;       . 
.*.  the  L.  c.  M.  of  12,  20,  36  and  54  is  540. 

But  in  jyractice  it  is  generally  more  convenient  to  pro- 
ceed by  the  following  Rule. 

Set  down  the  given  numbers  side  hy  dde  ;  divide  hy  any 
number,  commenci7ui  with  2,  3,  5  .  .  .  which  ivill  exactly 
divide  two  at  least  of  the  numbers  ;  set  down  the  quotients 
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and  the  rmmhorg  that  are  not  cor.a.ctly  divwibh  by  the 
divisor,  side  by  side  :  and  pro*' ted  in  this  way  till  you  gd 
a  line  of  numbers^  wJiich  are  prime  to  one  another.  Then 
the  contiTme/I  prodicci  of  all  the  dimsors  and  tlie  nwmbera 
in  this  line  ivill  be  the  i^.  o.  m.  required. 

Thiis,  to  find  the  l.  o.  m.  of  12,  20,  80,  64. 
2  12,  20,  30,  54 


6, 

10, 

15, 

27 

8, 

6, 

15, 

27 

1, 

5, 

6, 

9 

*.  L.  0.  M. 


1,     1,     1,     9 

2x2x3x5x9=.  640. 


The  following  is  somewhat  shorter  r 

Set  down  the  numbers  in  a  line,  tlien  strike  out  any  that 
are  contained  in  any  of  the  others.  Divide  th^se  not 
struck  out  by  any  number  tlhat  will  exactly  divide  one-  of 
them;  under  any  that  it  eAtactly  divides,  place  the  quct- 
tient ;  under  any  lohich  contain  some  factor  common  Ut  it^ 
set  down  the  quotient,  after  striking  out  this  factor  ;  end 
bring  doion  all  the  other  numbers. 

Proceed  in  this  way  with  the  now  line  ;  and  so  on,  until 
all  the  numbers  left  in  any  line  ha.ve  no  common  nuasurey 
but  unity.  Then  tJie  continued  product  of  the  numbers  in 
this  line  and  allt/te  divisors  is  the  L.  G.  M.  of  tfie  given 
numbers. 

Thus,  taking  the  numbers  in  Section  67  : 
12  I  12,  20,  30,  54 
I  "h    5,    9 

.'.  L.  c.  M.  =«  9X6X12  =  540. 

To  find  the  l.  o.  m.  of  4,  8,  10,  12,  16,  20,  24,  25,  SO. 
Again, 

12  I  i,  ^,  ;p,  n,  16,  20,  24,  25,  30 
I  4,'j!,    ;2,  26.  J 

.-.  L.  0.  M.  -  25X4X12  =  1200. 
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Examples,    (xxvi) 

Find  the  l.  c.  m.  of 

(1)    6,  9,  24,  40. 

(2) 

8,  12,  22,  55. 

(3j     12,  18,  96,  144. 

(4) 

16,  30,  48,  56,  72. 

(5)     84,  156,  63,  99. 

(6) 

27,  33,  54,  69,  132. 

(7)  -  17,  51,  119,  210. 

(8) 

15,  26,  39,  65,  180. 

(9)    44,126,198,280, 

330. 

(10) 

50,  338,  675,  702,  975. 

Examination  Papers. 
I. 

(1)  Find  the  least  number  which,  divided  by  13,  15  and 
17,  gives  remainder  12  in  each  case. 

(2)  If  A,  B  and  C  walk  103950  inches  together,  how  often 
will  they  step  at  the  same  moment,  A  taking  33  inches, 
at  a  step,  B  27,  and  C  30  ? 

(3)  How  many  rails  will  inclose  a  field  23023  feet  long  b^ 
17765  feet  wide,  the  fence  being  straight  and  6  rails  high, 
the  rails  of  equal  length,  and  the  longest  that  can  be  used  ? 

(4)  Two  cog-wheels  containing  210  and  330  cogs  respect- 
,  ively,  are  working  together.     After  how  many  revolutions  oi 

^  the   larger  wheel  will  two   cogs    which   once  touch,  touch 
again  ? 

(5)  Three  numbers  between  30  and   140  have  12  for  their 
'     H.  c.  F.,  and  2772  for  their  l.  c.  m.     Find  the  numbers. 


(1)  Explain  how  to  find  the  (1)  h.  c.  f.,  and  (2)  the  l.  c.  m. 
of  a  series  of  numbers  by  resolving  them  into  their  prime 
factors. 

(2)  A  farmer  has  600  bushels  of  wheat ;  what  are  the  three 
inallest-sized  bags,  and  tiie  three  largest  bins,  that  will  each 

measure  the  same  without  a  remainder  ? 

(3)  What  is  the  smallest  sum  of  money  with  which  I  can 
buy  sheep  at  ^$5  each,  cows  at  |22  each,  or  horses  at  $75 
each  ? 

(4)  Three  horses  are  running  round  a  race-course  of  5280 
yards  ;  the  first  horse  runs  440  yards  a  minute,  the  second 
352  yards,  and  the  third  264  yards ;  find  the  time  between 
their  once  coming  all  together,  and  their  coming  all  together 
again. 

(5)  Find  the  least  number  which  divided  by  675,  1050, 
and  4368,  will  leave  the  same  remainder  32. 
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III. 


(1)  Explain  how  you  would  find  all  the  divisors  which  a 
number  has.     Find  those  of  1800. 

(2)  The  L.  CM.  of  2,  3,  4,  5,  6,  8,  9,  and  another  numbei 
prime  to  them  is  10440.     What  is  tliis  number  ? 

(3)  How  do  you  determine  whether  a  number  is  prime  or 
composite  ? 

Which  of  the  following  numbers  are  prime  and  which 
composite :— 3391,  2699,  14787  and  1477? 

(4)  Three  men,  A,  B,  and  0  start  together  from  the  same 
place  to  walk  round  an  island  60  miles  in  circumference; 
they  walk  in  the  same  direction,  A  at  the  rate  of  5  miles  per 
hour,  B  at  4,  and  C  at  3.  In  what  time  will  all  be  together 
for  the  first  time  after  starting,  and  how  many  miles  will 
each  have  gone  ? 

(5)  Find  the  greatest  weight,  in  grains,  that  will  measure 
both  pounds  Avoirdupois  and  pounds  Troy,  there  being  5760 
grains  in  one  pound  Troy,  and  144  lbs.  Avoirdupois  contain 
as  many  grains  as  175  lbs.  Troy. 

IV. 

(1)  Define  Factor,  Measure,  Multiple,  and  explain  when  a 
number  is  Prime  and  when  Composite.  In  what  digits  must 
prime  numbers  end  ? 

(2)  The  product  of  two  numbers  is  1270374,  and  half  of 
one  of  them  is  3129.     What  is  the  other  ? 

(3)  The  fore-wh«el  of  a  carriage  was  11  feet  in  circumfer- 
ence, and  the  hind  one  13  feet.  There  being  5280  feet  in 
mile,  how  many  miles  had  a  carriage  gone  when  the  same 
spots  which  were  on  the  ground  at  the  time  of  starting, 
had  been  on  the  ground  360  times  at  the  same  instant  ? 

(4)  A  can  dig  36  post-holes  in  a  day ;  B  can  dig  32,  and 
C  30  in  the  same  time.  What  is  the  smallest  number  which 
will  furnish  exact  days'  labor  either  for  each  working  alone 
or  for  all  working  together  ? 

(5)  How  many  firkins  of  butter,  each  containing  56  lbs.  at 
23  cents  a  pound,  must  be  given  for  14  bbls.  of  sugar,  each 
containing  276  lbs.  at  8  cents,  per  pound  ? 

V. 

(1)  Explain  the  use  of  zero  in  decimal  notation. 

(2)  Find  the  greatest  number  which  will  divide  10974 
md  15336,  leaving  as  remainders  respectively  54  and  30. 
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/    (3)  The  dij>its  in  the  units'  and  millions'  places  of  a  num- 
,  /  bar  are  2  and  7  respectively,  what  will  be  the    digits  in  the 
same  places  when  999999  is  taken  from  the  number  ? 

(4)  An  avenue  3  miles  long  is  planted  with  5  rows  of  trees. 
The  trees  are  placed  in  the  different  rows  at  the  distances  of 
6,  8,  9,  10  and  12  feet  respectively.  If  the  rows  start  from 
the  same  straight  line,  (1)  how  often  will  5  trees  be  in  aline, 
there  being  5280  feet  m  a  mile  ?  and  (2)  how  many  trees 
will  there  be  in  the  avenue  ? 

(5)  A  number  is  composed  of  the  following  factors :  2*, 
32 ,  53 ,  11  and  17  ;  find  the  number. 

XI.— On  Fractions. 

'    58.  Numbers  are  the  measures  of  quantities. 

A  Quantity  is  anything,  which  may  be  regarded  as 
being  made  up  of  parts  like  the  whole. 

Thus  a  sum  of  money  is  a  quantity,  because  we  may 
regard  it  as  made  up  of  parts  like  the  whole. 

To  measure  any  quantity  we  fix  upon  some  known 
quantity  of  the  same  kind  for  oui'  standard  or  Unit,  and 
the  Number,  wliich  expresses  how  many  times  this  Unit 
is  contained  in  the  quantity,  is  called  the  Measure  of 
the  quantity. 

To  put  this  in  a  more  practical  shape,  we  give  the 
following  illusti'ation :  We  measiu-e  large  sums  of  money 
by  the  Unit  wliich  we  call  a  Pound,  and  when  we  say 
that  a  man's  income  is  Jive  Inmdred  a  year,  w^e  mean, 
that  he  receives  yearly  a  sum  of  money,  which  contains 
the  unity  five  hundred  times,  and  we  call  the  Number 
Five  Hundi'ed  the  measure  of  his  income. 

59.  .Now  we  can  conceive  that  a  unit  of  measurement 
may  be  divided  into  a  number  of  parts  of  eg'?/^?  magnitude. 

For  instance,  if  we  take  a  Pound  as  the  Unit,  by 
which  we  measure  sums  of  money,  we  suppose  this  miit 
to  be  divided  into  twenty  equal  pai-ts,  and  we  call  each 
of  these  pai-ts  one-ticentieth  of  a  Pound ;  tico  such  parts 
will  bo  two-twentieths,  three  will  be  three-twentieths  of  a 
Poimd.  Such  parts  are  called  Fractions  of  a  Pound,  or 
other  Unit,  and  we  give  the  foUowinsr  definition  : 
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^  Def.  We  form  a  Fraction  by  dividing  a  unit  into 
some  number  of  equal  parts  and  by  taking  one  or  more 
of  those  parts. 

The  number  of  equal  parts,  into  which  the  Unit  is 
divided,  is  called  tlie  Denominator  of  the  fraction,  and 
the  number  expressing  how  many  of  these  parts  are 
taken  to  form  the  fraction  is  called  the  Numerator  of 
tlie  fraction. 

These  operations  are  denoted  by  the  following  symbols : 
we  represent  a  fraction  by  writing  the  numerator  above 
the  denominator,  and  separating  them  by  a  horizontal 
hne. 

Thus  f  represents  the  fraction,  of  which  the  nume- 
rator is  3  and  the  denominator  4. 

Such  Symbols  are  called  Fraction- Symbols,  or,  for 
brevity,  Fractions. 

60.  The  symbol  ^  is  read  one-half. 
The  symbol  ^  is  read  one-third. 
The  symbol  J  is  read  three-fourths. 
The  symbol  f  is  read  six- sevenths, 
and  so  on. 

I  61.  The  Numerator  and  Denominator  of  a  Fraction 
are  called  the  Terms  of  the  fraction. 

A  Proper  fraction  is  one  in  which  the  Numerator  is 
less  than  the  Denominator,  as  |-. 

An  Improper  fraction  is  one  in  which  the  Numerator 
is  greater  than  the  Denominator,  as  ^. 

In  our  explanation  of  the  fundamental  operations 
performed  with  fractions  we  shall  make  use,  as  far  as  is 
possible,  oi  ijroper  fractions  only. 

*^62.  To  show  thatf  =  T^. 

Suppose  a  Unit  to  be  divided  into  3  equal  parts. 
Then  ^  will  represent  2  of  these  parts (1). 

Next,  let  each  of  the  3  parts  be  subdivided  into  4 
equal  pai-ts. 
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Thus  the  Unit  has  been  divided  into  12  equal  parts,  and 
Y%^  will  represent  8  of  these  subdivisions  (2). 

Now  1  of  the  parts  in  (1)  is  equal  to  4  of  the  subdi- 
visions in  (2). 

.*.  2  parts  are  equal  to  8  subdivisions, 
and  .-.  f  =  tV 

We  draw  from  this  proof  two  inferences  :    . 

I.  If  the  numerator  and  denominator  of  a  fraction 
be  nmitiplied  by  the  same  number,  the  value  of  the  frac- 
tion is  not  altered. 

inus  y— 2¥'  and  tj  — Ts^- 

II.  If  the  numerator  and  denominator  of  a  fraction  be 
divided  by  the  same  number,  tJie  value  of  the  fraction  is 
not  altered. 

X 1.  Lib  -^  -^  _  ^^,   anu  y^^  -  y^. 

"  63.  To  make  the  important  theorem  established  in 
Ai'ticle  62  more  clear,  we  shaU  give  a  practiajt  proof 
that  1^=^,  by  taking  a  straight  line  as  the  unit  of 
length. 


I  I  I  I  M  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

A  E  D  »  F  B  C 

Let  the  line  ^  0  be  divided  into  5  equal  parts. 
Then,  if  B  be  the  point  of  division  nearest  to  C, 

AB  i^^oi  AC (1). 

Next,  let  each  of  the  parts  be  subdivided  into  4  equal 
parts. 

Then  AG  contains  20  of  these  subdivisions, 
and         AB  contains  16  of  these  subdivisions  ; 

.-.  ^Bis  16  of  ^C (2). 

Comparing  (1)  and  (2),  we  conclude  that 

4  _  1  0 

5  —  2  O  • 

64.  A  fraction  is  in  its  Lowest  Terms  when  the  nume- 
rator and  denominator  have  no  common  factor  except 
unity: 


54  FRACTIOUS. 

Tluis  |,  ^,  II-  represent  fractions  in  their  lowest 
terms. 

To  reduce  a  fraction  to  its  lowest  terms  we  have  the 
following  Kule: 

Divide  the  N/unerator  and  Denominator  by  their  n.  c.  f. 

Thus,  if  we  have  to  reduce  \j  to  its  lowest  terras,  W3 
know  tliat  9  is  the  h.  c.  f.  of  18  and  81,  and  dividing  the 
numerator  and  denominator  by  9,  we  have  the  resulting 
fraction  -J. 

Again,  to  reduce  -^^  to  its  lowest  terms,  we  find  25  to  be 
the  H.  c.  p.  of  26  and  500,  and  therefore  -j^q-  will  be  tlie 
reduced  fraction. 

When  we  see,  by  inspection,  or  by  an  application  of 
the  tests  of  divisibility  given  in  Art  38,  that  a  factor  is 
common  to  both  Numerator  and  Denominator,  we  may 
divide  both  by  this  factor  and  reduce  the  fraction  to 
lower  terms,  without  going  through  the  process  of  find- 
ing the  H.  c.  F. 

Thus,  to  reduce  the  fraction  -ij\^^,  we  see  that  both  terms 
are  divisible  by  10,  and  .'.  -^Vci^^rff 

Now  27  and  936  are  both  divisible  by  9  (Art  38), 

Examples-  *  (xxvii) 
Ecduce  to  their  lowest  terms  the  following  fractions : 


wu 

(2)  ^'^ 

(3)  /.V 

(4) 

1  02 
57  6 

(«)  un 

(6)  H-IJ 
(9)  AWrr 

m  nn 

(lO)MI! 

(8) 

^Wj 

65.  Two  Fractions  may  be  replaced  by  two  equiva- 
lent fractions  with  a  Comm(m  Denommator  by  the  fol- 
lowmg  rule: 

Find  the  l.  c.  m.  of  the  denominators  oj  the  given  frac- 
tions. 

Divide  the  l.  c.  m.  hy  the  denominator  of  each  fraciion. 
Mvltiply  the  first  Numerator  hy  the  first  Quotient. 
Multiply  the  second  Numerator  by  the  second  Qu 
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Tlie  two  Products  ivill  he  the  iVuniPrators  of  tJie  equiva 
lent  fractions,  whose  common  denominator  is  the  l.  c.  m.  o 
ihe  original  denominators. 
The  same  rule  holds  for  three,  four,  or  more  fractions 
Ex.  (1).  Eeduce   to  equivalent     fractions  with   th( 
lowest  common  denominator  ^  and  ^. 
Denominators  8,  7, 
L.  c.  M.  56. 
Quotients  7,  8. 
New  numerators  21,  82. 
Equivalent  fractions  §^     ||- 

Ex.  (2).  Kedace    to    equivalent  fractions   with  th( 
lowest  common  denominator 

2         4         13 

Denominators  3,  9,  72. 

L.  0.  M.  72. 
Quotients  24,  8,  1. 
New  Numerators  48,  32,  13. 
Equivalent  fractions  ||     A|.     || 
Examples,  (xxviii) 
Reduce  to  equivalent  fractions   with  the  lowest  com- 
mon denominator. 

a) 

(4) 
(6) 

66.  To  compare  the  values  of  two  or  more  fractions, 
we  convert  them  into  equivalent  fractions  with  a  com- 
mon denominator :  then  the  comparison  of  the  values  oi 
the  original  fractions  can  he  made  by  comparing  the 
numerators  of  the  new  fractions. 

For  example,  to  compare  the  values  of  f  f  and  ^ 

Tb3  equivalent  fractions  are  ||  |^  ^ 

The  (lescending  oiv'.er  of  value  of  the  numerators  is  63,  60, 


1     ?          (2) 

4          5 
IT        i¥ 

iV      (8)  i  \ 

A 

5           13         17 

19 

(5)4     W     l\ 

C5 

T2     2"ir     "Sir 

l^TT 

TU^ 

i  i  ^   A 

(7)         3            5            7 
^'f      TTT      TT      -^TT 

AV 

;•.  the  descending  order  of  value  of  the  given  fractions  is 

5        2 


3        5        2 
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67.  We  may  also  compare  fractions  by  reducing  them 
to  fractions  with  a  common  Numerator^  and  assigning 
the  greatest  vakie  to  that  one  of  the  resulting  fractions 
which  has  the  Imst  denominator. 

Thus  to  compare  the  values  of 

3        2  7     o«/1     8  1 

The  equivalent  fractions  are 

8  1  8  1       qiT<1     8  1 

.*.  the  descending  order  of  the  given  fractions  is 

2  7         8  1         3 

Examples,  (xxix) 
Compare  the  values  of 

/IN         3  4  9  <'2')         5  7  T2 

(3)       h      II       ii  (4)       ^3^       ^V      H 

(5)    A    A-    il  (6)    A    ^V    /t 

ADDITION  OF  FRACTIONS. 

/g8.  The  rule  for  adding  two  or  more  fractions  to- 
gether is  this  : 

Reduce  the  Fractions  to  equivalent  fractiom  having  the 
Lowest  Common  Denominator. 

Then  add  the  num,erators  of  the  equi oalent  fractions  and 
place  the  residt  as  the  Numerator  of  a  fraction,  whose 
Denominator  is  the  common  denominator  of  the  eqnivaJent 
fractions. 

The  fraction  will  he  equal  to  the  sum  of  the  original 
fractions. 

For  example,  to  find  the  sum  of  i  and  i 
h  ^  iS  and  I  =  ^.^ 

,       111  4i3      7 

Examples-  (xxx) 
Find  the  sum  of  the  following  fractions  : 
(1)    \  and  I  (2)    §  and  j\ 

(3)    f     ^  and  ^\  (4)     ^     ^5^.  and  /^ 
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(5) 

5 
TTT 

2 

■5  IF 

fl 

and 

Th 

(6). 

4 

i    i 

tV 

and 

ttV 

(7) 

5 
TT 

2 
TJ7 

tV 

and 

t4t 

(8) 

\ 

i     4 

* 

and 

tV 

(9) 

i 

3 

ITT      1] 

■i^ 

and  : 

1  I 

S-Sg-TT 

SUBTRACriON 

OF 

FRACTIONS. 

69. 

The  rule  for  subtracting  a  fraction  from  a 

.  greater 

fraction  is  this  : 

Reduce  the  fractions  to  equivalent  fractions  having  the 
Lowest  Common  Denominator.  Then  subtract  fhenumer- 
ator  of  the  smaller  of  the  equiralent  fractions  from  the 
numerator  of  the  greater,  and  lylace  the  result  as  the  Nu- 
merator of  a  fraction,  whose  denominator  is  the  common 
Denominator  of  the  equivalent  fractions.  This  f 'action 
will  be  equal  to  the  difference  of  the  original  fractions.         \/ 

For  example,  to  find  the  difference  between  |  and  ^. 
■j^_2y.ana  y  — ^r 

.       5  2  1.5  14 1 

•   •    T        3^ 2  1         2T  —  2T- 

Examples-  (xxxi). 
Find  the  difference  of  the  follow  ng  fractions  : 

(1)    fandf  (2)  ^  and  II 

(3)    +iand|f  (4)    H  and  ^f 

(5)    M-and^V^  (6)  /^  and  .^tt 

(7)     i|fand|««  (8)  i-g^  and  f^o 

(9)    fW^  and  T-^^-V 

MULTIPLICATION^  OF  FB ACTIONS. 

70.  A  fraction  is  mult'plied  by  a  whole  number  by 
multiplying  the  nnme  ator  by  that  number  and  leavmg 
the  denominator  unchanged. 

Thus  ^  multi^^lied  by  3  becomes  f . 

For  each  of  the  symbols  f  and  f  implies  that  a  unit 
has  been  divided  into  7  equal  parts,  and  three  times 
as  many  of  those  parts  are  taken  to  form  the  fraction 
represented  by  the  latter  as  are  taken  to  form  the  frac- 
tion represented  by  the  former. 


Mirr,TIPT.TCATrON    OP    FRACTIONS. 


2  of  4  ^  2  of  12  Art.  62. 


ly    71.    To  prove  that  f  of  -J  =  ^^ 

Now  suppose  a  unit  to  be  divided  into  15  equal  parts. 

Tlien  2  of  1  =  2  of  12  of  such  parts 

=  j«3j-  of  12  of  such  parts  Art.  62. 

=  8  of  such  parts.  Art.  62. 

But  -vs^^  ^^  ^^^^  parts ;  Art.  62. 

Hence  we  derive  the  Eule  for  what  is  called  Multipli- 
cation OF  Fractions. 


We  extend  the  meaning  of  the  sign  x  ,  and  define 
J  X  |-  (which  according  to  our  definition  in  Art.  21  would 
have  no  meaning)  to  mean  f  of  |^,  and  we  conclude 
that  f  X  4  =  1^^  which  in  words  gives  us  this  rule  : 

"  Take  the  product  of  the  numerators  to  form  the  Nume- 
rator of  the  resulting  fraction,  and  tJie  product  of  the  de- 
nominators to  form  the  Denominator.'' 

The  same  rule  holds  good  for  the  multiplication  of 
three  or  more  fractions 

Before  effecting  the  Multiplication,  common  factors 
should  be  removed  from  the  Numerator  and  Denomina- 
tor. It  will  be  well  for  the  learner  to  be  familiar  witli 
the  principles  laid  down  in  Art.   38. 

For  example,  to  find  the  value  of  |i  of  f  f  of  |  J  we 
proceed  thus : 

**  of  •'^•5  of  17—1^x35x17 
Try  01  3  1   01  1:^  —  25x51x49 

2x7x6x7xl7_ 

5x5x3x17x7x7 

and  removing  common   factors  from   numerator  and 
denominator, 

___2_ 
5x3 

_2_ 

15  • 
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Examples,    (xxxu) 
Beduce  to  their  simplest  form 


(1) 

foff 

(2) 

1  X  f  X  A 

(3) 

If  X  U  X  U 

(4) 

11  X  i?|  X  T%\ 

(5) 

uxiixm 

(6) 

m  X  ft  X  M 

"^7        DIVISION  OF  FRACTIONS. 

72.  A  fraction  is  divided  by  a  whole  number  by 
multiplying  the  denominator  by  that  number  and  leav- 
ing the  numerator  unchanged. 

Thus  f  divided  by  8  becomes  J\- 

For  f  imphes  that  a  unit  has  been  divided  into  7 
equal  parts, 

-^j  implies  that  a  unit  has  been  divided  into  21equal  parts, 
and  hence  each  part  in  the  former  is  three  times  as  great 
as  each  part  in  the  latter,  and  since  the  same  number  of 
parts  is  taken  in  both  cases,  the  latter  fraction  is  one- 
third  of  the  former. 

>/  73.   Toshow  thati-^i=?^xi 

\J  The  quotient  resulting  from  the  division  of  §  by  |  is 
such  a  number,  that  when  it  is  multiplied  by  the 
divisor  ^  the  product  must  be  equal  to  the  dividend  f , 
that  is 

^  of  the  Quotient  =  \  , 


.'.  -|  of  A  ot  the  Quotient 

5 

~"    4 

of 

.-.  |o  of  the  Quotient  = 

J„f 

f 

.*.  the  Quotient  =  |- 

of| 

tbat  is,  ,J  -i-  f  =  -J  of 

2 
IS 

or,    5  -^  4  =  1  X 

5 

Hence  we  obtain  the  following  rule  for  what  is  called 
Division  of  Fractions. 

Invert  the  divisor,  and  proceed  as  in  MuUiplication.    i  j 


60 


FRACTIONS. 

Examples,   (x^cxiii) 


1  0 


Divide 

(1)   H  ijy  f  (2)  s5  by  tit 

(5)  ^W^yUi  (6)   ."Aby/A 

P)     jrVsbyiWTT  (8)     T%\byAlfJ 

fQ^        1  5  3  5    Uv      92  1  t- 

74.  Having  now  established  the  elementary  rules  for 
operations  i^erformed  with  fractions,  we  proceed  to 
notice  some  other  j)oints  belonging  to  this  branch  of 
Arithmetic. 

75.  A  whole  number,  or  integer,  can  be  Avritten  as  a 
fraction,  by  putting  1  beneath  the  number  as  a  denomi- 
nator :  thus  5  may  be  written  as  a  fraction,  thus  f . 

Also,  since  j-  ='  V^  =  V  "^  V  ^^^  ^^  ^^i»  i^  is  clear 
that  we  can  represent  a  whole  number  by  a  fraction, 
whose  denominator  is  any  whole  number  we  please  to 
select. 

76.  A  Mixed  Numhcr  is  a  number  made  u})  of  an 
integer  and  a  fraction,  as  4f .  This  may  be  read  thus, 
faur  and  two-sevenths,  and  must  be  regarded  as  the  sum 
of  4  and  |. 

A  mixed  number  can  be  brought  into  the  form  of  an 
improper  fraction,  by  multiplying  the  integer  by  the 
denominator  of  the  fraction,  adding  to  tlie  product  the 
numerator  of  the  fraction,  and  making  the  sum  the 
numerator  of  a  fraction,  of  which  the  denominator  is 
the  denominator  of  the  original  fraction. 

Thus  42  =  .Y 

For4|-=  4-1- f  =.-  2^8  ^2  =  Y- 

Conversely,  an  improper  fraction  can  be  reduced  to  a 
mixed  number,  by  dividing  the  numerator  by  the  de- 
nominator, setting  down  the  quotient  as  the  integral 
part,  and  making  the  remaintter  the  numerator  of  the 
fractional  part  of  the  mixed  number,  the  denominator 
being  the  denominator  of  the  original  fraction. 

Thus  2/  =  34. 
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For  2/  _    214-4  =  y  +  4.  =  3+ 4  =  Sf. 

Examples-  (xxxiv) 
Convert  into  improper  fractions 

(1)     7^         (2)     23  J«         (3)     216}  J         (4)     173^Jf^ 
and  into  mixed  numbers 

/rA       42  7  {(\)        3  47  7  (r[\        42  9  3  (ft)        ^  ^  ^  "^  ^ 

77.  The  rules  for  the  Addition,  Subtraction,  Multi- 
plication, and  Division  of  Fractions  are  apphcable  to 
Improper  Fractions. 


Thus  i-\-ii=:U  +  U  =  U  =  Hu 

f-if  =  W  ==!§==  1^ 

• 

13     w     97  —  13X2  7            13X9X3  _ 
■^     ^    "2^6             9X2G    9X13X2 

=  t  =  ii 

117.91            117x33—      9X13X11X3 
TT(T  ^  B^  —  Tl¥  ^¥1—    11X10X7X13 

_     9X3 
10X7 

=  ?J. 

78.  In  the  appUcation  of  the  rules  to  Mixed  Numbers, 
we  inay  in  all  cases  change  the  Mixed  Numbers  into 
Imi)roper  Fractions,  and  proceed  as  in  the  foregoing 
Examples.     In  Division  we  miist  proceed  thus. 


For  exa: 

mple, 

4t- 

12A  = 

=  V 

.123 
•      1  0 

= 

41 
"5" 

X 

t\\  = 

i? 

16 -> 

12f  = 

16  ^ 
T     • 

V  = 

V 

X 

A 

=1= 

-H. 

In  Multiplication  it  is  usually  the  best  course :  thus 

rr2   V  'i*  23v39  23X13         -299  ao6 

/-3  X  Oy  ^    A    y    — ^^ =  ^   ^—  :^  4Zy 

In  Addition  it  is  often  advantageous  to  proceed  thus  : 
4|  +  3|  =  4  +  fi-3-f-4 

=  4i-3-Hf  +  ^ 
I  1  2 

2TT^3?T 
2  0 
TT 

I    A 
«  5 


7_U  I  4    I    1  2 
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and,  similarly,  when  three  or  more  numbers  are  to  be 
added,  we  may  separate  the  fractions  from  the  integers, 
and  make  a  distinct  operation  for  each  class. 

In  Subtraction  we  can  employ  the  same  method,  but 
a  little  care  is  necessary.     Suppose  we  have  to  take 
3|^  from  4| 

Reducing  the  fractional  parts  of  the  numbers  to  equi- 
valent fractions  with  a  common  denominator,  we  have 
3|f  and  m- 

We  can  now  take  the  integral  part  of  the  first  num- 
ber from  the  integral  part  of  the  second,  and  the  frac- 
tional part  of  the  first  from  the  fractional  part  of  the 
second,  and  we  have 

4.14  _qi2  12 

But  suppose  we  have  to  take  3f  from  lOJ 

Siiice  f-  =  If  and  |  =  ;|| 

f  is  greater  than  f 
and  we  cannot  take  away  the  fractional  part  of  3||  from  the 
fractional  part  of  10^|. 

We  escape  from  the  difficulty  by  the  device  of  adding  ttnity 
to  each  expression,  to  8||  in  the  form  of  1,  and  to  10^|^  in 
the  form  of  fji. 

Thus  m4_3||  =  10.0  _4||  =  G||. 

Take  another  illustration  of  a  practical  nature. 

From  5^(1.  take  away  d^d. 

We  add  four  farthings,  i.e.,  J  of  a  penny,  to  the  for- 
mer sum,  and  1  penny  to  the  latter,  and  reason  thus : 

5^d.  -3|c^.  =  5|(L-4^Z.  =  Ifrf.  =  l^d. 
Examples-    (xxxv 
Simplify  the  following  fractions  : 


(1) 

^^Sl-             (2) 

8f-Gf 

(3)    104|-53jV 

(4) 

6|x9-|            (5) 

14  X  3/t 

(0)     9/^xl9f 

(7) 

'Zh-\-H 

(8) 

5?  +  CA  +  l,^ 

(9) 

16f  +  4*  +  17i| 

(IC) 

44-2^ 

(11) 

14|-5^ 

(12) 

6t^~5A 

(y' 
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The  following  examples  sliould  be  carefully  noticed. 

I.  From  17  take  4^\. 

17 -4^5^= 16  4-1 -4/3- =  16- 4+1 -^\ 
— ^"  —12-1-16=1216 

II.  From  317  take  ^\ 
317-^=316+1 -^=316+||=316|| 

III.  Multiply  -j%^^»^  by  397. 
SinfP    9  9  9    __  1  1 

397X1^^0  =^9^  -  i¥oV=396+i  -^%y^ 
=  396+-/-o^3_^396^o^ 

V  79.  A  Compound  Fraction  is  defined  to  be  the  fi*ac- 
tion  of  a  fraction. 
Thus  f  of  *.,  and  f  of  2^  of  5|-  are  compound  fractions. 

They  are  reduced  to  simple  fractions  by  the  process 
of  Multiplication. 

Thusiof2iof52  =  |x|xV=|^^-=ffE-=BK|- 

80.  A  Complex  Fraction  is  one,  of  which  the  Nume- 
rator or  Denominator  is  itself  a  fraction  or  mixed 
number. 

So  4^ 

Thus    1      _    and    _^  are  complex  fractions. 


They  are  reduced  to  simple 
of  Division. 

fractions 

bsJthe 

process 

Thus   1=1- 

-7  =  1-^^ 

^fXf  = 

A 

and  1  =  2--f  : 
7 

-fx|=  V 

=  3|. 

Examples,  (xxxvi) 
Simphfy  the  following  fractions  : 
(1) 


of  5^  of  71.  (2)/43  of  llj  of  1^ 


(3)    I  of  ^  of  3|-  of  90    (4)     _Z.  (5)  2^ 

(6)     ,^t  (7)    *  '3      '  (8)    ii 
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The  Highest    Common  Factor  and    the    Least   Com* 
MON  Multiple  op  Fractions. 

81.  The  H.  C.  F.  or  L.  C.  M.  of  fractions  can  be  readily 
found  by  considering  that  the  denominator  is  simply  the 
name  of  so  many  units  represented  by  the  numerator. 
No  difficulty  is  ever  experienced  in  finding  the  H.  C.  F. 
or  L.  C.  M.  of  $12  or  $16,  or  of  12  apples  and  16 
apples.  In  fractions  the  name  is  written  under  the 
number  representing  the  collection  of  units  of  that  name. 

Thus  to  find  the  H.  C.  F.  of  Jf  and  Jf ,  proceed  as  in 
whole  numbers ;  find  the  H.  C.  F.  of  12  and  16,  which 
is  4,  and  call  it  by  its  name,  which  in  this  case  is  thirty- 
sixths.     Hence  the  H.  C.  F.  is  ^\. 

Similarly  to  find  the  L.  C.  M.  of  ^  and  -^f ,  find  the 
L.  C.  M.  of  12  and  16,  which  is  48,  and  call  it  by  its 
proper  name.  Hence  the  L.  C  M.  is  ^.  Hence  to 
find  the  H,  C.  F.  of  fractions  we  have  the  following 
rule  : 

Cliange  them  to  others  having  the  same  name  or 
denominator^  and  find  the  II.  G.  F.  of  their  numerators. 
Ihls  'placed  over  Hie  common  denomiriator  will  be  the  11, 
C.  F.  of  the  fractions. 

To  find  the  L.  G.  M.  of  fractions :  Change  them  to 
others  Jiaving  a  common  denominator,  and  find  the  L.  (7. 
M.  of  the  numerators.  This  'placed,  over  the  common 
denominator  will  be  the  L.  C.  M.  of  the  fractions. 

The  following  is  somewhat  shorter :  Find  the  L.  G. 
M.  of  the  numerators,  and  under  this  place  the  H.  G.  F, 
of  the  denominators  of  the  fractions.  Tlie  resulting  frac- 
ticm  will  be  the  L.  G.  M.  required. 

Examples,    (xxxvii) 
Find  the  h.  c.  f.  of  the  following  fractions : 
(1)    landf.  (21    iJand^^ 

(3)  ^    8i    4.^    and    5^ 

(4)  f    ^    li    4|    and    5i. 
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Fiud  the  L.  c.  m.  of  the  following  fractions : 
(5)    2  and  f  (6)    2i  and  7^ 

(7)  4^  51  and  3  j5^ 

(8)  I  of  2f  of  4t  and  f  of  -?-  of  2i 

do  I3 

O.V  THE  USE  OF  BRACKETS. 

82.  Wlien  an  exi)ression  is  inclosed  in  a  bracket  ( ), 
it  is  intended  to  show  that  the  whole  of  the  expression 
is  affected  by  some  symbol,  which  precedes  or  follows 
the  bracket. 

Thus  24  X  (3i  +  7^)  means,  that.  24  times  the  sum  of  the 
numbers  3^  and  7_{  is  to  be  taken,  which  we  may  effect  by 
combining  3^  and  7^  by  addition,  and  multiplying  the  result 
by  24. 

Again,  24  -r-  (4f  —  2^)  signifies,  that  2-1  is  to  be  divided  by 
the  difference  between  4^  and  2| ;  and  therefore  the  result 
will  be 

25^21         orV-f         orVxf         or  |f 

And,  generally,  we  may  say,  that  when  nnmbers  are 
included  in  a  bracket,  the  expression,  within  the 
bracket,  must  be  brought  into  the  simplest  form,  before 
combining  it  with  expressions,  not  in  the  bracket. 

83.  The  methods  of  denoting  a  b^QLcket  are  various  ; 
thus,  the  marks  [  ]  and  {  }  are  often  employed. 
Brackets  are  made  to  inclose  one  another,  as  in  the  ex- 
pression 

3^[24-3-{4-f5H-(2+i)}] 
In  removing  such  brackets  it  is  best  to  commence 
with  the  innermost,  and  to  remove  the  brackets  "one  by 
one,  thus 

3-[2+3-{4+5--(2+i)}] 

=3- [2+3- {4-1-5-^}] 
=3H-[2-f3--{4-fV}] 
=3-[24-3-V] 
=3-[2+H] 

Q  .   107_1  a9 

~o-7-  43  —  T<7T* 


66  ON    THE    USE    OF    BRACKETS. 

We  have  worked  out  tliis  example  at  length  because 
it  will  teach  the  learner  how  to  simplify  with  neatness  a 
peculiar  class  of  fractions  called  Continued  Fractions, 
which  appear  in  a  form  like  the  following : 

1 
4+ 


1 
1- 


9,-9 

This  fraction,  by  the  aid  of  brackets,  may  be  repre- 
sented thus, 

l-[4+l-{l-l-(2-A)}] 
and  then  we  can  simplify  it  by  the  gradual   removal  of 
the  brackets,  the  final  result  being  /y. 

84.  There  is  another  method  of  simplifying  Complex 
and  Continued  Fractions,  which  we  may  explain  by  the 
following  examples : 

5 

Ex.  (1)     To  simplify  ^3 

Multiply  all  the  terms  of  the  fraction  by  7,  and  it  becomei 

14  +  3"^    TT 

Ex.  (2)     To  simplify  ^    f    3 

Multiply  the  terms  by  30,  and  we  get 
^A or   2  0 

Ex.  (3)     To  simplify  f^ 

Multiply  all  the  terms  by  42,  and  we  g&t 

28—18 

Ex.  (4)     To  simplify 

'  +  9  li 

—i—  3       .._         195        ^  195 

4        —  3+^1    '    195  +  28       223 


+  9  +  ^ 
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Ex.  (5)     To  simplify L 

1  + 


+    i 
1  1       _5 

i+_^ i+_JL_'"i+i~s 

1+—-        1  +  1 

Examples-    (xxxviii) 
Simplify  the  following  fractions  : 


2  + 

1 

3  +i 

1 

1  +  - 

1 

1+    1 

1 

85-  If  two  brackets  stand  side  by  side,  with' no  sign 
between  them,  as  (|-+f)  (|  — f)  i^  i^  implied  that  the 
contents  of  one  bracket' are  to  be  multiplied  by  the  con- 
tents of  the  other. 

The  following  examples  are  selected  as  containing 
pecuUar  forms  of  symbohc  representation,  w^hich  should 
De  carefully  noticed. 

(1)  I +  4  off-  ^%. 

The  first  step  here  is  to  take  the  product  of  %  and  |,  sc 
that  the  expression  becomes  |  +  58^  —  t^jj  ;  then  add 
the  first  two  fractions  together,  and  take  A  Irom  the 
sum. 


68  WTSCELL\NEOUS    EXAMPLES    IN    FRACTIONS. 

(2)  !  +  tof(|  -  /a). 

First  take  the  difference  of  |  and  ^%,  multiply  the  result 
by  ^,  and  add  the  product  to  f 

(3)  f  X  I  H-  ?. 

First  simplify  f  X  |,  the  result  being  -i". 

Then  divide  /y  by  ^,  the  result  being  i^s   X  |,  or  f 

(4)  l-i-fXf. 

Firsb  simplify  |-r-|,  the  result  being  f  XI,  or  f 
Then  multiply  f  by  f ,  the  result  being  f . 

Examples-   (xxxix) 
Simplify  the  follovnng  expressions  : 
(1)     8|^(2Klf)  (2)     (4T'T+2i^35f 

2  1 


(3)     1,    ^  (4)     i,^_ 


(5)  i-J_  (6)     3  +  5ofA-i!'^ 


3^ 


(7)     §of|  +  |-^|  (8)  ,(M^f)of7T^^-l| 

(9)     (|-A)(2f  +  31)     (10)     (A-^V)-(A  +  Tf^) 
nr     (2  +  ^-^(3  +  1)       ,^^.     (3^-2^) -^f  of  f 
^^^^     a-"f)x(4-3^)     ^^^^  2|^a  +  i) 

86.     We  shall  conclude  this  Chapter  with  a  set  of 
MisceUaneous  Examples  on  Fra'ctions. 

Examples,   .(xl) 

(1)  Add  together 

17      5        8        3      16 
SS  T^    4T  ^B"  3^1? 

(2)  Add 

I  of  f-  to  f  of  ^i 
and  multiply  the  result  by 

(8)     Subtract 

2  of  f  from  1|  of  I 
and  divide  the  result  by 

(i-^)^(i-f) 
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(4)  Simplify  the  fractions  ||-J-  VoV/  ^^^  ^^^  tiieiv 
product. 

(5)  Divide  the  product  of  3f  and  3^  by  the  product 
of  If  and  li^. 

(6)  Multiply  together  the  fractions  4^  2f  and  add 
the  result  to  4|  +  3^. 

(7)  Multiply  the  difference  between  ^|  and  f  J]|  by 
the  sum  of  4y\  and  If  ;  and  multiply  the  result  by  the 
difference  between  10|  and  5|. 

(8)  Simplify 


V3     .     77ge 

+  2i 

^ 

I.    (9)  Simplify 

m  +  H 

divided  by 

-A)(4J- 

8i) 

lA  +  24 

-  (2iV  -  4 

"   TsV) 

(10)  Simplify 

(H+n) 

(11)  Simplify 

m+H- 

divided  bv 

^t)  m-i) 

4i-A-(2i-TV-.V) 

^12)  Simplify 

61-1^ 

and(fofli:«,)- 

2f 
■8i 

(13)  Simplify  ^ 

1 
1 

and     ^ 
1 

A 

j1           1 

1 
9 -   . 

^     r 
1 

1 

^    1- 

-A      '- 

2~ 

-tV 
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(14)  Simplify 


(15)  Simplify 


antt(3of2^V)-^ 

fi7  76    1    fi«  44 

^-W  't-^H         H  and  121  V  37797 

(16)  Simplify 

-^  X-5J^of7and ^  x  10| 

(17)  Simplify 

(18)  SimpHfy 
Simplify 


xl2| 


(19)  Simplify 

A  of  6||  of  24H -  4||  X  3||  ^  3|^  , 

8^Hx5i|-4ii-7i^X5ii-14fJ  ^  ^^' 

(20)  Simplify 

^^ w     77S6      .     /1    3  47\ 


'"3-311 


(21)  SimpHfy 


V   486*     .     /il  23\ 


'  4+1 
(22)  Simplify 

_7 6_  _l___io 

4-^          e-3  J-2  7 

4             2  1 

?— f     4--^  7— gx 


EXAMINATION   PAPERS.  71 


(28) (S 


iimplify 
3-"* +  4-1 

1 

1 

3             1        '       1 
2-^      3-$      l|-i 

2 

Examination  Pajpers. 

•  I 

(1)  Explain  bow  to  reduce  a  mixed  number  to  an  im- 
proper fraction  and  shew  tbe  reason  for  eacb  step. 

(2)  Bought  18J  yards  of  silk  at  ^2^  a  yard,  and  27i  lbs  oi 
cheese  at  %Iq  per  lb  ;  bow  much  money  did  I  spend? 

/      (3)  How  many  times  does  tbe  sum  of  12|  and  8J  contain 
^  their  difference  ? 

(4)  B  who  owns  A  of  a  ship,  sells  %  of  bis  share  for  $3600 ; 
what  is  tbe  ship  worth  ? 

(5)  There  are  two  numbers  whose  sum  is  4^  and  whose 
difference  is  1%  ;  find  the  numbers. 

II. 

(1)  What  is  meant  by  expressing  one  number  as  the  frac- 
tion of  another  ?  Explain  how  to  express  3^  as  the  fraction 
of  9^. 

(2)  How  may  the  relative  magnitude  of  two  or  more  frac- 
[/  .,ioiis  be  compared  ?     Arrange  the  fractions  /s,  /s,  ||,  If,  in 

the  order  of  magnitude. 

(3)  Add  together  J|,  ^\,  and  yf^,  and  find  what  is  tho 
least  fraction  with  denominator  1000,  which  must  be  added 
In  order  that  the  sum  may  be  greater  than  unity. 

(4)  Show  that  the  value  of  ..?ii-  lies  between  -|  and  &. 

3  +  7 

(5)  A  ship  and  her  cargo  are  valued  at  ^60,000,  and  |  of 
the  value  of  the  ship  is  equal  to  \  of  the  value  of  the  cargo  ; 
find  the  value  of  each. 

III. 

(1)  Define  Numerator  and  Denominator,  and  explain 
why  they  are  appropriately  applied  to  the  terms  of  a 
fraction. 

(2)  If  I  of  I  of  2i  bbls.  of  flour  is  worth  ft7i,  what  is  the 
value  of  2^\  bbls.  ? 

(3)  If  any  number  of  fractions  be  equal,  then  any  of  them 
is  equal  to  the  fraction  whose  numerator  is  equal  to  the  sum 
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of  all  the  numerators,  and  whose  denominator  is  equal  to  the 

sum  of  all  the  denominators.     Exemplify  this  in  the  ca  se  of 

six  equal  fractions, 
f      (4)  Add  together  ^,  ^,  I,  and  ],    and  subtract  the  sum 
j  from  2  ;  multiply  the  difference  by  f  of  |5  of  88,  and  find 

what  fraction  the  product  is  of  999. 

(5)  A's  age  is  j*2  of  B's,  and  B's  is  f  of  C's,  and  C  12  years 

ago  was  72  ;  what  are  their  respective  ages  ? 

IV.' 

(1)  Before  adding  fractions  together,  why  is  it  necessary 
to  change  them  to  others  having  the  same  denominator  ? 
.         (2)  What  number  must  be  taken  from  111  so  that  it  may 
^    contain  3 1  an  exact  number  of  times  ? 

(3)  There  is  a  number   which   divided  by  8A>   and  the 

2* 
quotient  increased  by  2|  and  the  sum  multiplied   by    ~  and 

the  result  diminished  by  ^  of  f  of  14^  gives  2|.     Find  the 
number. 

(4)  A  bought  a  horse  and  carriage  for  6225,  and  paid  for 

2,1 
the  harness  ^  of  what  he  paid  for  the  horse.     The  carriage 

cost  I  of  the  value   of  the  horse.     "What  was  the  price  of 
each  ? 

(5)  Divide  $8888  among  A,  B,  and  C,  so  that  A  may  re- 
ceive 188  less  than  3  times  B's  share  andC  ^176  more  than 

*    one  half  of  A  and  B's  shares. 


(1)  Explain  each  step  in  the  process  of  reducing  a  complex 
fraction  to  a  simple  one. 

(2)  Simplify  3^  X  3^  X  3i  -  1  divided  by  3^  X  3^  -  1. 

(3)  What  is  the  smallest  sum  of  money  with  which  A  can 
jMirchase  sheep  at  $4^  each,  calves  at  ^51  each,  and  pigs  at 
$2^  each ;  and  how  many  of  each  can  be  bought  with  this 
sum? 

(4)  John  spent  $P0  less  than  |  of  his  money  at  one  time, 
and  at  another  $4U  more  than  ?  of  the  remainder  and  now 
has  $40  left.     How  much  had  he  at  first  ? 

(5)  One  fom-th  of  2^^  of  the  length  of  a  pole  is  in  the  muu; 

"7" 
two  thirds  of  the  remainder  is  in  the  water  and  there  are  6} 
fejt  in  the  air;  what  is  the  length  of  the  pole  ? 
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VI. 

(1)  Show  that  §  H-  f  =  I  X  J. 

(2)  Find  three  fractions  whose  numerators  shall  be  3,  5, 
7,  respectively,  and  their  sum  equal  to  unity. 

(3)  From  the  sum  of  3f  and  4f  subtract  6f,  multiply  the 
difference  by  2|,  and  divide  the  product  by  4|. 

(4)  A  sold  a  watch  for  I  more  than  it  cost  him  to  B,  who 
sold  it  to  C  for  $36,  which  was  ^  less  than  it  cost  him. 
What  did  the  watch  cost  A  ? 

(5)  There  are  three  rooms  21 1,  18-|,  and  17^  feet  long 
respectively.  Find  the  longest  plain  ruler  with  which  the 
three  rooms  can  be  measured 

VII. 

(1)  Give  a  definition  of  multiplication  that  will  apply  to 
fractions. 

(2)  A  person  dies  worth  $40000,  and  leaves  ^  of  his 
property  to  his  wife,  i  to  his  son,  and  the  rest  to  his  daugh- 
ter. The  wife  at  her  death  leaves  |  of  her  legacy  to  the 
son  and  the  rest  to  the  daughter  ;  but  the  son  adds  his  for- 
tune to  his  sister's  and  gives  her  f  of  the  whole.  How 
much  will  the  sister  gain  by  this  ?  and  what  fraction  will 
her  gain  be  of  the  whole  ? 

(3)  One  half  of  a  population  can  read  ;  |i  of  the  remain- 
der can  read  and  write  ;  ^^  of  the  remainder  can  read,  write 
and  cipher,  while  the  rest,  243600,  can  neither  read,  write 
nor  cipher  ;  what  is  the  population? 

(4)  Three  men,  A,  B,  C,  run  round  a  circle  in  5,  6,  and 
7i  minutes,  respectively.  If  they  start  from  the  same 
point  at  the  same  time  and  run  in  the  same  direction,  how 
long  will  they  run  before  they  are  all  together  again  ?  and 
how  often  will  each  have  gone  round  it  ? 

(5)  A  owned  *  of  a  ship,  and  sold  |  of  his  share  to  B,  who 
sold  I"  of  'n^hat  he  bought  to  C,  who  sold  ^\  of  what  he 
bought  to  D  ;  what  Dart  of  the  whole  ship  did  each  now 
own  ? 

VIII. 

(1)  What  are  the  advantages  in  arithmetical  operations  of 
employing  fractions  expressed  by  the  smallest  number 
possible  ?  State  how  fractions  expressed  by  large  numbers 
may  be  reduced  to  equivalent  fractions  expressed  by  smaller 
numbers.     Is  this  always  possible  ? 
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(2)  Is  ^\  more  nearl^y  equal  to  }  or  to  3|-2§^-{-J}  of  2|- 
1},  and  by  how  much  ? 

(3)  Of  the  sovereigns  who  have  reigned  in  England  since 
the  Norman  conquest,  there  are  ^th  of  one  name,  ^ths  of 
another,  y\  of  another,  J  of  each  of  two  others,  and  ^\  of 
each  of  three  others,  and  there  are  5  besides  ;  find  how 
many  sovereigns  have  reigned  in  England  since  the  con- 
quest. 

(4)  Three  horses  start  from  the  same  point,  and  at  the 
same  time,  upon  a  race  course  300  rods  in  circuit ;  the  first 
horse  passing  over  |  the  circuit,  the  second  |,  the  third  ^,  in 
a  minute.  In  how  many  minutes  will  they  all  be  together 
again,  and  how  far  will  each  have  travelled  ? 

(5)  Divide  the  difference  of  IH-i-  {(2f -2j\)  X  If}  and 
13|  -^  (2«,  -2A)  X  If  by  13^  ^  2?  -2^  X  If. 

XTI.  Decimal  Fractions. 

87.  The  Multiples  of  10  are  10,  20,  30,  40,  50,  and 
so  on.     (Art.  39.) 

The  Powers  of  10  are  10,  100,  1000,  10000,  and  so 
on,  and  these  are  called  the  first,  second,  third,  fourth 
powers  of  10.     (Art.  27.) 

88.  A  Fraction,  which  has  for  its  denominator  one 
of  the  Powers  of  10,  is  called  a  Decimal  Fraction,  or 
for  shortness  sake,  a  Decimal.  All  other  fractions  are, 
by  way  of  distinction,  called  Vulgar  Fractions. 

89.  To  save  the  trouble  of  writing  the  denominators 
of  decimal  fractions,  a  method  of  notation  is  used,  by 
which  we  can  express  the  value  of  the  denominator  in 
every  case 

This  method  will  be  best  explained  by  the  following 
examples : 

•3  stands  for  t%»  and  is  read  thus,  three-tenths. 
•25  stands  for  ^V'o'  and  is  read    thus,    twenty-Jive  hundreths. 
•347  stands  for  iVo'o,  and    is   read   thus,    three   hundred  and 

forty-seven  thousandths. 

The  figures  which  follow  the  Point  •  are  those  wliich 
form  the  Numerator  of  the  fraction  in  each  case. 
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The  number  of  the  figures,  which  follow  the  Point, 
con-esponds  to  the  number  denoting  the  particular 
Power  of  10,  which  forms  the  Denominator  of  the  frac- 
tion in  each  case. 

Now,  as  the  first  power  of  10  is  1  followed  by  one 
zero,  and  the  second  power  of  10  is  1  followed  by  two 
zeros,  and  the  third  power  of  10  is  1  followed  by  three 
zeros,  and  so  on,  we  can  in  every  case  write  the  denom- 
inator, by  affixing  to  1  a  number  of  zeros,  equal  to  the 
number  of  figures  that  follow  the  Point. 

Thus,  -426789  stands  for  tVoVoVs 
six  zeros  being  affixed  to  the  1,  because  the  number  of 
figures  that  follow  the  Point  is  in  this  case  six. 
Again, 

•07  stands  for  -^lu 
•005  stands  for  td*5w 
•00025  stands  for  t^BStttt 

the  zeros,  which  come  between  the  Point  and  the  fig- 
ures 7,  5,  and  25,  not  being  set  down  in  the  numerators 
of  the  fraction,  as  having  no  effect  on  the  value  of  the 
numerators,  seeing  that  07  and  7  stand  for  the  same 
number,  and  that  005  and  5  stand  for  the  same  number. 
But  these  zeros  affect  the  value  of  the  denominators, 
as  for  instance 

•7  =  /^  while  -07  =  i^o  and  -007  =  t/utt 

90.  Zeros  affixed  to  a  decimal  haye  no  effect  on  its 
value :  that  is, 

•7,  -70,  -700  are  all  equal; 
for  -7  = 
•70  = 
•700  = 

91.  The  method  of  respresenting  Decimal  Fractions 
is  merely  an  extension  of  the  method,  by  which  Integers 
are  represented,  as  will  be  seen  from  the  following  con- 
siderations. 

As  the  local  value  of  each  digit  increases  tenfold,  as 
"we  advance  from  right  to  left,  so  does  the  Jocal  value 


TTT 

70      7 

100          Tff 

700      70      

TOTTTT  ~  TOTT  ~ 

7 
TTT 
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of  each  decrease  in  the  same  proportion  as  we  advance 
from  left  to  right. 

If,  then,  we  affix  a  hne  of  digits  to  the  right  of  the 
units'  place,  each  one  of  these  having  from  its  position 
a  value  one-tenth  part  of  the  value,  which  it  would 
have  if  it  were  one  place  farther  to  the  left,  we  shall 
have  on  the  right  hand  of  the  units'  place  a  series  of 
fractions,  of  which  the  denominators  are  successively  10, 
100,  1000,  ....  while  the  numerators  may  be  any 
numbers  between  9  and  zero 

Thus,  246-4789 

=  2x100 +  4xlO+6+A-i-xro+rA-ir+ToBTT^. 

92.  A  number,  made  up  of  an  integer  and  a  decimal, 
as  4'5,  may  be  expressed  in  a  fractional  form,  by  writ- 
ing as  the  Numerator  all  the  figures  in  the  number,  and 
as  the  Denominator  1  followed  by  as  many  zeros  as 
there  are  figures  after  the  'point. 

Thus,  4-5  =  tS 
for  4-5  =  4+ A  =  \%-\-x%  =  U 
Again  14-075  =  VVoV 

for  14-07.5  :=  144-     75      I4OOO1        76 14075 

Examples,    (xli) 
Express,  by  means  of  fraction -symbols  in  their  lowest 
terms, 

(I)  -5  (2)   -25  (3)  -75  (4)  -375 
(5)  -00243          (6)  -0000725         (7)  14-8         (8)  104-235 
(9)  50.0004               '                       (10)  100-001 

Express  in  the  abbreviated  form 

(II)  T-V  (12)  ^Vw  (18)  T'i^-i'<, 
(1*)  T^                   (15)  ME-               (16)  Twfgtr^ir 

93.  We  call 

•5,         3*7,       15-9       decimal  expressions  of  the /rsi  order, 
•25,       4-39,  143-73     decimal  expiessions  of  the  seconci  order, 
•043     5^006,    27-009  decimal  expressions  of  the  third  order  ; 
the  number  of  the  order  depending  on  the  number  of 
figures  thsiU/ollow  the  point. 
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The  number  denoting  the  order  we  call  the  Index  of 
the  order :  thus  1  is  the  index  of  the  first  order,  2  of 
the  second  order,  and  so  on. 

94.  From  what  is  stated  in  Art.  90  we  leam  that  a 
decimal  of  any  order  may  be  made  into  an  equivalent 
decimal  of  a  higher  order,  by  affixing  one,  two,  three 
zeros  according  as  the  index  of  the  higher  exceeds  the 
index  of  the  lower  by  1,  ^  3. 

Thus  '43  may  be  made  inta  an  equivalent  decimal  of  the 
fifth  order,  by  affixing  three  zeros,  thus,  '43000, 
and  "047  may  be  made  into  an  equivalent  decimal  of  the 
seventh  order,  by  affixing /t>wr  zeros,  thus,  '0470000. 

ADDITION  OF  DECIMAL  FRACTIONS. 

95.  To  add  -27  to  -45  we  might  proceed  thus, 

.97_  2  7 
•4.5=    4  5     . 

•    •274-'45=  2  7     I    45  __  75   —  .70 

But  we  obtain  the  same  result,  if  we  set  down  the 
decimals  one  under  another,  Point  under  Point,  add 
the  figuicR  as  if  they  stood  for  whole  numbers,  and 
place  the  Point  in  the  result  under  the  other  Points, 
thus, 

•27 

•45 

96.  If  the  decimals  to  be  added  be  not  of  the  same 
order,  as  for  instance  -37  and  -049,  we  reason  thus  : 

•049  is  a  decimal  of  the  third  order, 

•37  is  a  decimal  of  the  second  order,  but  it  can  be 
made  into  an  equivalent  decimal  of  the  third  order,  by  affix- 
ing a  cipher,  thus,  '370. 

Then  we  proceed  to  add  the  decimals  thus  : 
'370 
•049 

•419 
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Now  suppose  we  have  to  add  more  than  two  decimal 
expressions,  as  -0074,  -72,  -05,  and  -123456. 

Of  these  four  expressions  the  last  is  of  the  sixth  order, 
and  we  may  make  the  other  three  into  equivalent  deci- 
mals of  the  sixth  order,  and  set  them  down  thus  : 
•007400 
•720000 
•050000 
•123156 

•900856 

When  the  learner  is  thoroughly  acquainted  with  the 
principle,  on  which  this  process  of  addition  depends,  he 
may  omit  the  affixed  zeros,  since  they  have  no  effect  on 
the  result,  and  may  write  the  sum  just  worked  out  in 
the  following  way : 

•0074 

•72 

•05 

•123456 

•900856 

If  the  numbers  to  be  added  be  made  up  of  integers 
combined  with  decimals,  we  keep  the  Points  in  a  verti- 
cal line,  and  proceed  as  in  addition  of  integers. 

Thus  to  add  4-27,  15^004,  -9007,  and  23,  we  proceed  thus : 


4-2700 

or  thus, 

4-27 

15-0040 

15-004 

•9007 

-9007 

23-0000 

Examples. 

(xHi.) 

23- 

43-1747 

43-1747 

Find  the  sum  of 

(1) 

•275  and  -425. 

(2)     • 

007  and  •! 

(3) 

•001  and  -0002 

. 

(4) 

13-279,  3-00046,  742-000372. 

(5) 

•000493,  8^24, 

15,  42-6,  324-4203'J 

r 

239^ 
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(G)     49-327,  -458,  8317-05,  341-875,  32-4962. 

(7)  700-372,  894-0009,  -347,  -00082,  5370-006. 

(8)  560-379,  -45687,  350-0036,  7-074,  52-257. 

SUBTRACTION  OF  DECIMAL  FRACTIONS. 

97.  If  we  have  to  find  the  difference  between  '47 
ftnd  '85,  where  both  decimals  are  of  the  same  order,  and 
•47  is  the  larger  of  the  two,  we  proceed  thus  : 

From     -47 
Take      -35 

Result   -12 
performing  an  operation  like  that  of  Subtraction  of  In- 
tegers, and  keeping  the  Points  in  a  vertical  line. 
That  this  method  gives  the  correct  result  is  evident,  for 
•47     'f\^—  4  7        s.-i  _  12  .10 

98.  If  we  have  to  find  the  difference  between  -888 
and  -9,  we  may  make  the  latter  into  a  decimal  of  the 
third  order,  thus,  -900,  and  since  this  is  larger  than 
•888,  we  proceed  thus  : 

From  •QOO 
Take    -888 

Result  -012 
If  we  have  to  find  the  difference  between  •998,  and  1, 
we  observe  that  1,  being  an   integer,    must   be  greater 
than  '998,  which   is  a  Proper  Fraction,  i.  e.  y^o^,  and 
we  proceed  thus  : 

From     1^000 
Take        '998 


Result     -002 

Examples,    (xliii) 
Find  the  difference  between 

(1)     66-429  and  5-218.  (2)  9.005  and  7-462. 

(3)    53-316  and  5-0867.  (4)  '799  and  -8. 

(6)  6-047  and  5-9863.  (6)  850-007  and  270-8796. 

(7)  -0000086  and  -00001.       (8)  -00537  and '000985 
(9)    10  and -0002.                  (10)  -09999  and  101. 
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MULTIPLCATION  OF  DECIMALS. 

99.  In  finding  the  product  of  '12  and  -11,  we  might 
proceed  thus, 

•12  X  •11=V^V  X  JA  =  vJlvT^TT  =  tHI^  =  -0182, 
the  result  being  a  decimal  of  the  fourth  order. 

Again  if  we  have  to  find  the  product  of  4*32  and 
•00012, 

4-32X  -00012  =  tHxToM(5o  =  TTT^iSJir^  =  -0005184, 
the  result  being  a  decimal  of  the  sleuth  order. 

And,  generally,  the  product  of  any  two  decimal  ex- 
pressions is  a  decimal  expression  of  an  order,  whose 
index  is  the  sum  of  the  indices  of  the  orders  of  the  two 
expressions. 

Hence  we  deduce  the  following  rule  for  Multiplication 
of  Decimals  : 

Multiply  as  in  the  case  of  integers,  and  marl'  of  in  the 
product  a  numher  of  decimal  places  equal  to  the  sum  of 
the  numher  of  decimal  places  in  the  two  factors. 

For  examnle,  to  multiply  2-4327  by  4'23. 
2-4327 
4-23 

72981 
48654 
97308 


10-290321 
Again,  to  multiply  43-672  by  -00000047. 
43-672 
•00000047 


305704 
174688 


2052584 

We  have  now  to- mark  off  eleven  decimal  places  from 
tliis  product,  and  as  the  product  contains  only  seven 
figures,  we  must  prefix  four  zeros,  and  put  the  Point"  on 
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the  left  of  these,  thus  -00002052584,  and  this  will  be 
the  required  product. 

One  more  case  must  be  considered. 

Suppose  we  have  to  multiply  "235  by  '48  ; 
•235 
•48 

1880 
940 


•11280 


This  decimal  of  i\ie  fifth  order  is  equivalent  to  a  deci- 
mal oii\\Q  fourth  ov^ev  •1128  (Art.  90),  and  this  is  the 
simplest  form  of  the  result. 

Examples-  (xHv) 
ISIultiply 

V(l)  7-5  by  4-7.  (2)  3-62  by  5-23.      (3)  -427  by  -235. 

(4)  -562  by  -00074.  (5)  3-00704  by  4-0205. 

(0)  -0009  by  1000.  (7)  623.4075  by  24.0259. 

(8)  -00746  by  -000235.     (9)  14326749  by  -00004030705. 
(10)  50704-042  by  -004007090061. 

Find  the  value  of  the  following  : 

(11)  -407  X  4-03  X -006. 

(12)  101 X 1000  X -001. 

^  (13)     -52  X -007  X  4-3  X -02. 

Find  the  continued  product  of 

(14)  -07,  4-6,  -009  and  52-47. 

(15)  42-6,  -795,  4-03  and  -00074. 

(16)  What  is  the  cube  of  2-74  ? 

(17)  Raise  3 '5  to  the  fourth  power. 

DIVISION  OF  DECIMALS. 

100.  If  we  have  to  divide  -27  by  3,  we  might  proceed 
thus, 

^i  ■  o  —  -Y^  •  '^  —  Tens  —  "^• 

Again,  if  we  have  to  divide  '00625  by  25,  we  might 
proceed  thus, 
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In  both  cases  the  Quotient  is  a  decimal  of  the  same 
order  as  the  Dividend. 

Hence  we  derive  the  following  Eule  : 

If  the  Divisor  he  an  integer ,  perform  the  operation  of 
Division  as  if  the  Dividend  were  also  an  integer,  and 
mark  off  in  the  Quotient  as  many  decimal  places  as  there 
are  Decimal  places  in  the  Dividend. 

For  example,  suppose  we  have  to  divide  -0086751  b) 
243. 

243)  -0086751  (357 
729 

1385 
1215 

1701 
1701 

The  Quotient  is  to  be  a  decimal  of  the  eighth  order, 
.-.  the  result  is  -00000357. 

101.  Next  observe  that,  if  the  Divisor  be  a  decimal  ex- 
pression, tve  can  in  every  case  change  it  into  an  Integer y 
by  a  process  which  we  shall  now  explain. 

If  w^e  multiply  a  decimal  expression 

by  10,  the  effect  is  to  move  the  Point  one  place  to  the  right, 
by  100,  the  effect  is  to  move  the  Point  two  places  to  the  right, 
by  10000,  the  effect  is  to  move  the  Point  three  places  to  the 

right, 
and  so  on. 

For  instance,  123-456x10     =    1234-56, 
and    123-456x100    =    12345.6. 

The  reason  is  obvious, 
for    123-456 X   lO^'iooTx   10=^^^^^=1234-56, 
and  123-456  X 100  =  -|f|f^  X 100  =  ^?-f|^  =  12345-6. 

Hence  we  can  transform  any  Divisor  into  an  Integer, 
by  multiplying  it  by  10,  100,  1000,  ....  according  as 
the  Divisor  is  a  decimal  of  the  first,  second,  third  .... 
order 
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For  example,  if  the  Di\asor  be  *0()0492,  and  we  mul- 
kiply  it  by  1000000,  we  transform  it  into  the  Integer 
492. 

Now  we  may  multiply  a  Divisor  by  any  number,  if  we 
multiply  the  Dividend  by  the  same  number. 

For  instance,  if  the  Divisor  be  8  and  the  Dividend  32, 
we  may  multiply  each  by  10, 

so  that  the  Divisor  becomes  80,  and  the  Dividend  320 ; 

and  whether  we  divide  32  by  8,  or  320  by  80,  the  Quo- 
tient will  be  the  same  number,  that  is,  4. 

102.  We  can  now  lay  down  a  general  Eule  for  Divi- 
sion of  Decimals. 

If  the  Divisor  he  a  decimal,  change  it  into  an  Integer  by 
removing  the  Point  a  sufficient  number  of  'places  to  the 
right,  and  also  remove  the  Point  in  the  Dividend  the  same 
number  of  places  to  the  right.  Divide  as  in  the  case  of 
integers.  T/ien,  ij  the  dividend  be  an  integer,  tJie  quotient 
will  be  an  integer,  and  if  the  dividend  be  a  decimal,  the 
quotient  will  be  a  decimal  of  the  same  order. 

The  process  will  be  better  understood  from  the  fol- 
lowing examples. 

Ex.  (1).  Divide  -625  by  -025. 

•625--025  =  :Bt|=a|.  =  e_?^« 

25)  G25  (25 
50 

126 
125 

Here  the  Quotient  is  an  Integer,  because  the  Dividend 
is  an  Integer; 

.*.  the  Quotient  required  is  25.  ^ 
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Ex.  (2).  Divide  108-997  by  2-3. 

lAU.oarr     .     o.Q        108-997        l_0  89197  ._  108  9-9  T 

lUtJyy/—  ^d=       ^7^       =       23-     .  33~r' 

23)1089-97(4739 
92 


169 
161 


207 
207 

Here  the  Quotient  is  a  decimal  of  the  second  order, 
because  the  Dividend  is  a  decimal  of  the  second  order  ; 

.*.  the  Quotient  required  is  47*39. 


Ex.  (3).  Divide  -625  by  -00025. 


•62.5  -i-  -0002.5  —    "6  2  5     —  e 2 50o-  —  ^^^99. 

25 )  62500  (  2500 
50 

125 
125 

00 

Here  the  Quotient  is  an  Integer,  because  the  Dividend 
is  an  Integer  ; 

.-.  the  Quotient  required  is  2500. 

Ex.  (4).  Divide  -00169  by  1-3. 

•00169  ^  1-3  =  ^\p  =  ^-^^  =  ^' 

13) -0169(13 
13 

39 
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Here  the  Quotient  is  a  decimal  of  the  fourth  order, 
because  tlie  Dividend  is  a  decimal  of  the  fourth  order ; 

.-.  the  Quotient  is  -0013. 
Ex.  (6).  Divide  625  by  -25. 
626  -7-  -25  =  4^  = 

26)62500(2500 
60 

125 
125 

00 

Here  the  Quotient  is  an  Iiitegevy  because  the  Dividend 
IS  an  Integer. 

.-.  625  -j-  -25  =  2500. 

These  are  cases  of  exact  division,  that  is,  when,  on  the 
process  of  division  being  carried  out,  there  is  no  remain- 
der. 


Examples-    (xlv) 


Divide 

(1) 

1-296  by  -108. 

(2) 

17-28  by  -0012. 

(3) 

•00169  by  1-3. 

(4) 

2921  by  -23. 

(5) 

15633-0062  by  362-9. 

(6) 

1  by  -0001. 

(7) 

•03096  by  •000072. 

(8) 

•7644  by  -0052. 

(9) 

•0000615228  by  307. 

(10) 

746-44808  by  7-58. 

(11) 

•24294591  by  36-9. 

(12) 

63987-42  by -0000'.  A 

(13) 

•26986365  by  3500- 

(14) 

26986-14  by  -00009. 

(15) 

•00131053  by  •0065. 

(16) 

617325  by  -00025. 

(17) 

•830676  by  '000231. 

(18) 

•00019517  by  673. 

(19) 

r0191  by  -00079. 

(20) 

2078-61  by  579. 

(21) 

24M6047  by  -527. 

(22) 

-65220834  by  -00854. 

(23) 

4700460-66583  by  -00518963. 

86  DIVISION    OF    DECIMALS. 

103.  We  next  take  the  following  example : 
Divide  347  by  -64. 

TTcr-r,  HAU     •     .PA  347  347  00-  3  47  00 

Here  347  -r-  '64  =  -.^-  =--    ~^^.     =  -^-^ 
and  we  proceed  tluis  : 

64  )  34700  (  542 
320 

270 
266 

140 
128 

12 

We  have  then  the  Quotient  542,  and  Eemainder  12. 

If  we  wish  to  carry  on  the  division  further,  we  may 
do  so,  by  placing  a  decimal  point  at  the  end  of  the  Div- 
idend, and  affixing  as  many  zeros  as  we  please,  observ- 
ing that  all  the  figures,  which  will  come  after  those 
ah-eady  in  the  Quotient,  will  be  decimals. 

Tiie  operation,  com2)leted  from  the  outset,  will  stan 
thus, 

64  )  34700-0000  (  542-1876 
320 

270 
256 

140 
128 

•  120 
64 

560 
612 

480 
448 


820 


DR^ISION    OF    DECirvIALS.  87 

Examples-  (xivi) 

Divide 

(1)     7-45  by32.  (2)  14-327  by  12-8. 

(8)     43-26  by  12-5.  (4)  7482-976  by  '225. 

(5)     1-2  by  625.  (6)  -217  by  1250. 

104  The  student  is  now  to  observe  tliat,  by  employ- 
ing Sliorfc  Division,  the  example  just  worked  out  may 
be  put  in  a  very  concise  form.  Thus  taking  up  the 
work  at  the  point  where  we  have  to  divide  34700  by  C4, 
we  proceed  thus  : 

8  I  34700-0 

8       4387-5000 


542-1875  Quotient. 

So  also,  if  we  have  to  divide  43G72-509  by  36,  we 
proceed  thus : 

4  I  43072-50900 


9  I  10918- 1-27-Z5 


1213-12525  Quotient. 
Again,  to   divide    -0000013932   by   32,   we   proceed 


thus 


4  I  -0000013932 


8      -0000003483000 


•0000000435375  Quotient. 

Note.— Division  by  10,  100,  1000  ...  is  effected  by 
moving  the  decimal  place  in  the  Dividend  one,  two, 
three  .  .  .  places  to  the  left. 
Thus  24-6  -^  10    1=  2-46. 
•47  ~  100  .-=  -0047. 

Examples-  (xlvii) 

Employ  Short  Division  in  finding  the  Quotient  when 
we  divide 

(1)     426-478  by  16.  ^(2)     -07849782  by  72. 

(8)  362-47  by  -025.  (4)     -00007263  by  4-5. 
(5)     42-007437  by  -24.  (6)     -00463  by  50. 

(7)     2-4715  by -000016.  (8)     9000  by -00036. 

(9)  -001  by  100.  (10)     -OOlOOiOOl  by  2000.     f 

N-B. — The  process  of  Division  may  often  be  shortened 
by  multiplying  the  Dividend  and  Divisor  by  a  number 
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wliich  will  transform  the  Divisor  into  a  power  or  a  mul- 
tiple of  10:  thus,  if  we  have  to  divide  24-4G927151  by 
12-5,  we  multiply  both  by  8. 

Then  1±*^^^nAi  =  ll^AlU^  ^  1-9575417208. 

105.  Ill  the  examples  hitherto  given  the  cases  are  all 
those  of  exact  division. 

In  all  cases  we  may  proceed  with  the  division,  till 
there  is  no  remainder,  or  till  certain  figures  in  the  Quo- 
tient recur  again  and  again  in  the  same  order. 

We  shall  give  an  example  of  this  recurrence  of  figures 
in  Art.  106,  but  first  we  must  observe  that  we  often 
require  to  find  the  Quotient  kjj  to  a  certain  place  of 
decimals. 

For  example,  suppose  we  have  to  find  the  Quotient 
arising  from  the  division  of  2*47  by  37,  to  four  places  of 
decimals. 

2.47-^-37  =  ^|f  =W 
37)  247-0000  (6-6756 
222 

250 
222 

280 
259 

210 

185 

250 

222 

Hence  the  Quotient,  correct  to  four  places  of  deci- 
mals, is  6-6756. 

Examples,    (xlviii) 
Find  the  Quotient  to  three  places  of  decimals  when 
we  divide 

(1)     42-5  by  -0023.  (2)     -197  by  '79. 

(3)     37-9  by  409.  (4)     27100  by  -00313. 

(6)     -0269  by  -281.  (6;     229  by  '007. 
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106.  If  we  continue  the  division  further  in  the  Exam- 
ple given  in  Art.  105,  we  find  the  figures  75G  coming 
again  and  again  in  the  same  order  in  the  Quotient,  so 
that  the  Quotient  is  6-6756756756  .  .  .  without  any  ter- 
mination. 

Let  us  now  take  this  example. 
Divide  90  by  -0011. 

Here  90  -  -0011  =  .^O-^  =  '~'{l'-^ 
11) 900000 
81818 

Up  to  this  point  the  Quotient  is  an  Integer  :  hut,  if 
ve  proceed  further  with  the  division,  we  shall  obtain  a 
decimal  expression  :  thus,  if  we  affix  two  more  zeros, 
preceded  by  a  decimal  point,  to  the  dividend,  we  shall 
have 

11)900000-00 
81818-18 

If  we  carry  on  the  division  to  any  extent  we  shaU 
have  the  two  figures  18  coming  again  and  again  in  the 
same  order.  A  decimal  of  this  kind  is  called  Periodic, 
Circulating^  or  JRecurriiig. 

107.  The  extent  of  the  Period  is  denoted,  by  placing 
a  dot  over  the  Jirst,  and  another  dot  over  the  last  of  the 
figures  in  it. 

Thus  -18  denotes  a  decimal  of  an  order  such  that  it 
call  he  represented  by  no  finite  index,  since  it  runs  on 
•18181818  ...  to  an  infinite  number  of  figures. 

So  also,  6-756  stands  for    6-756756756   ..  .. 

•047  stands  for    -047047047 

•4372  stands  for  -4372372372 

26-0479  stands  for  26-04797979  ...... 

•00026  stands  for    -000266666 

108.  A  Vulgar  Fraction  may  be  converted  into  a 
Decimal  Fraction  by  the  following  process 

Reduce  the  fraction  to  its  lowest  terms,  and  then  find 
the  Quotient  resulting  from  the  division  of  the  numera- 
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tor  ])y  the  denominator,  by  tlie  rule  for  division  of  deci- 
mals. 

Thus  to  reduce  |  to  a  decimal,  we  proceed  thus  : 
8)_3-000 

.-.  f  =  -375 

Again  to  reduce  i^  to  a  decimal,  we  proceed  thus  : 
32)47-00000  (1-46875 
32 

150 

128 

220 
192 

280 
256 

240 
224 

160 
160 


Or  we  might  work  by  Short  Division,  thus : 


47^00 
IIT5' 


1-46875 
Again,  to  reduce  j^  to  a  decimal,  we  proceed  thus : 
7  I  1-00000000 

•14285714" 

.-.  I  =  -142857. 

109.  To  shew  that,  when  a  Vulgar  Fraction  is  reduced 
to  a  decimal,  either  the  operation  must  terminate  or  the 
figures  of  the  Quotient  must  recur  in  the  same  order. 

Consider  the  operation  by  which  such  a  fraction  as  \ 
is  reduced  to  a  decimal.     The  only  remainders  that  can 
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occur  are  0,  1,  2,  3,  4,  5,  6.  If  the  remainder  0  slioukl 
occur,  the  division  terminates  :  if  not,  we  can  only  have 
six  different  remainders,  and  when  any  of  these  occurs 
a  second  time,  we  must  have  a  recurrence  of  the  former 
remainders  in  the  same  order. 

When  a  fraction  in  its  lowest  terms  is  reduced  to  a 
decimal  and  produces  a  recurring  decimal,  the  exfreme 
limit  of  the  numher  of  places  in  the  period  of  the  recur- 
ring decimal  is  one  less  than  the  denominator. 

Thus  ^  produces  a  recurring  decimal  of  6  places. 
^  produces  a  recurring  decimal  of  18  places. 
-^  produces  a  recurring  decimal  of  28  places. 

110.  When  a  Vulgar  Fraction  is  in  its  lowest  terms 
it  can  only  he  expressed  as  an  Exact  Decimal  when  the 
denominator  is  composed  of  factors  each  of  which  is  one 
of  the  numbers  2  and  5. 

Thus  f  can  be  expressed  as  an  exact  decimal  because  8  =: 
2x2x2. 

,3^  can  be  expressed  as  an  exact  decimal  because  20 
«=  2X2X5. 

-.4    can  be  expressed  as  an  exact  decimal  because  125 
=  5x5x5. 

The  reason  for  this  is,  that  no  vulgar  fraction  can  be 
expressed  as  an  Exact  Decimal,  unless  it  can  be  trans- 
formed to  one  which  has  10,  or  some  power  of  10,  for 
its  denominator.  Now  no  number  can  by  multij^lication 
be  made  a  power  of  10  unless  it  be  composed  of  factors 
each  of  which  is  2  or  5. 

Thus  8  can  be  made  into  a  power  of  10  by  multiplying  it 
by  5  X  5  X  5. 

125  can  be  made  into  a  power  of  10  by  multiplying  it 
by2x2x2. 

40  can  be  made  into  a  power  of  10  by  multiplying  it 
by  5  X  5. 

8X2  X  2  X  5~X  5  X~5  1000   '°*^ 

7X2X2X2 ^6 .^^p 

5X6X5X2X2X2  1000  '^''" 

9X6X5  _     ,,,      _.225 


2X2X10X5X5  Toiy^" 
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But  such  numbers  as  7,  12,  30,  cannot  be  made  into 
powers  of  10  by  multiplication,  and  hence  ^  y\  ii  can- 
not be  reduced  to  exact  decimals. 

It  may  also  be  remarked  that,  when  a  Vulgar  Frac- 
tion in  its  lowest  terms  is  reduced  to  an  exact  decimal, 
the  order  of  that  decimal  is  expressed  by  the  greatest 
number  of  times  that  either  of  the  factors  2  or  5  occurs 
in  the  denominator. 

Examples-  (xlix) 
Convert  into  decimals  the  following  vulgar  fractions  : 


(1) 

7 
2jf 

(2)     U 

(3)     f 

W    sV 

(5) 

t>09 

(0)    tV 

(7)  a 

(8)     U 

(9) 

IB^TT 

(10)     u/. 

CONTRACTIONS    IN  MULTIPLICATION  AND 
DIVISION    OF  DECIMALS. 

111.  When  the  number  of  decimal  places  is  great 
the  figures  obtained  by  the  ordinary  mode  of  multiplica- 
tion are  often  unnecessarily  numerous.  Thus,  in  mul- 
tiplying 62-37416  by  2-34169  by  the  ordinary  method, 
there  would  be  ten  placos  of  decimals  in  the  product, 
while  for  all  practical  purposes  three  or  four  are  quite 
3nougli. 

Ex.  Multiply  62-37416  by  2-34169  so  as  to  retain 
)nly  4  places  of  decimals. 


ORDINARY   METHOD. 

CONTRACTED   METHOD. 

62-37416 
2-34169 

62-37416 
96  143-2 

1247483  = 

187122  = 

24950  = 

624  = 

374  = 

5 

66136744 
37424496 
6237416 
24949664 
187122  48 
12474832 

=  C23741  X  2  -f  1 

=623      X  3 

--      62      X  4  -f  2 

X  1-f-l 

62  X  6.-I-  2 

6x9-f2 

1460609i467304 

146-0 
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By  comparing  the  contracted  method  with  the  ordi- 
nary method,  the  reason  of  the  preceding  operation  will 
be  readily  understood. 

Since  the  product  of  any  order  of  units  by  units  is  of  the 
the  same  order  as  the  figure  multiplied,  the  units  figure  of 
the  multipUer  is  written  under  the  place  to  be  retained. 
For  convenience,  the  other  figures  are  written  in  an  in- 
verted order.  Now  (Art.  99)  4,  a  decimal  of  the  third 
order  multiplied  by  3,  a  decimal  of  the  Jlrst  order,  will 
give  a  decimal  of  the  fourth  order  ;  also,  7,  a  decimal  of 
the  second  order,  multiplied  by  4,  a  decimal  of  the  second 
order,  will  give  a  decimal  of  the  fourth  order,  etc.,  etc. 

Now,  to  the  product  of  2  and  1,  one  must  be  added : 
since,  if  6  had  not  been  rejected,  there  would  liave  been 
one  to  carry ;  tlien  the  other  figures  are  multiplied  in 
the  usual  way.  Next,  multij)ly  4  by  3  and  set  down  2 
under  the  3,  and  multiply  the  other  figures  by  8  in  the 
usual  way. 

Next,  multiply  7  by  4  and  to  the  product  add  2 : 
since,  if  416  had  not  been  rejected  the  product  would 
have  approximated  to  2  thousand,  etc. 

Hence  we  have  the  following  rule : 

Write  the  Multiplier  with  the  order  of  its  figures 
reversed  under  the  Multiplicand,  so  that  the  units  figure 
may  he  under  that  figure  of  the  Multiplicand  which  is  the 
lowest  decimal  to  he  retained  in  the  Product.  Then  mul- 
tiply hy  each  figure  of  the  Multipjlier,  neglecting  all  the 
figures  of  the  Multiplicand  to  the  right  of  it,  except  to  find 
what  is  to  he  carried,  and  carrying  one  more  when  the  re- 
jected part  of  any  prod.uct  is  5  or  greater  than  5.  Arrange 
the  partial  products  so  that  their  right  hand  figures  may 
stand  in  the  same  vertical  column.  Their  sum  luill  he  the 
product  required.  From  this  product  cut  off  the  desired 
number  of  decimal  places. 

112.  When  the  divisor  consists  of  several  figures,  the 
work  will  be  much  shortened  by  cutting  off  a  figure 
from  the  divisor  at  each  successive  step  of  the  division, 
instead  of  annexing  a  figure  to  the  dividend.  Care 
must  be  taken  to  increase  each  product  by  what  would 
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have  been  carried  if  the  figure  or  figures  had  not  been 
cut  off. 

Ex.  (1).    Divide   3-784169   b^^    2-716U8   correct  to 
three  places  oi*  decimals. 

2716418 )  3784169  (  1393 
2716418 


1067751 
814925 

252826 
244478 


8348 
8149 


199 

By  comparing  the  units  of  the  highest  order  in  the 
divisor  with  the  units  of  the  same  order  in  the  dividend, 
it  is  evident  that  there  must  be  one  figure  to  the  left  of 
the  point  in  the  quotient ;  hence  the  answer  is  1-393. 

Ex.  (2).  Divide  763-14103  by  21-3642  correct  to  four 
places  of  decimals. 


ORDINARY  METHOD. 

213642 )  76314163  (  357205 
640926 


122215 
106821 


15394 
14954 


439 
427 


CONTRACTED  METHOD. 

213642  )  76314163  (  357205 
640926 


690 

284 


122215 
106821 

15394 
14955 

439 

427 


12  40600 
10  68210 


12 
11 


1I7239O  1 

Here  the  figures  of  the  quotient  are  857205,  and  by 
jomparing  the  2  tens  of  the  divisor  with  the  76  teua  of 
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tlie  dividend,  it  is  plain  there  must  be  2  places  to  the 
left  of  the  point;  hence  the  quotient  is  35 '7205. 

From  considering  these  cases  we  have  the  following 
rule :  • 

Compare  the  left-hand  figure  of  the  divisor  with  the 
units  of  the  same  order  in  the  dividend,  and  thus  deter- 
mine the  position  of  the  point  in  the  quotient.  'Then 
divide  as  in  Ex.  (1),  dropping  a  figure  from  the  right  of 
tlie  divisor  at  each  step  of  the  division. 

Note. — Care  should  be  taken  to  mark  the  figures 
di'opped  by  placing  a  dot  or  other  mark  beneath  them. 

Examples.    (1) 

(1)  -863541 X  -10983  to  five  places  of  decimals. 

(2)  -053407  X  -047126  to  six  places  of  decimals. 

(3)  -3-141592  X  52-7438  to  four  places  of  decimals. 

(4)  325-701428  X  -7218393  to  three  places  of  decimals. 

(5)  3-1729432x8-316259  to  four  places  of  decimals. 

(6)  2-B748-^l-4736  to  three  places  of  decimals. 

(7)  31  •47-^839-27656  to  four  places  of  decimals 

(8)  252070-520751-^591 -57  to  three  places  of  decimals. 

(9)  73-64-T--43232  to  four  places  of  decimals. 
(10)  6-5555-i-7-06249  to  three  places  of  decimals. 
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113.  Pure  recurring  decimal  fractions  are  those  in 
which  the  period  commences  immediately  after  the  deci- 
mal point. 

thus  -3,  -27,  -0429  are  pure  recurring  decimals. 

Mixed  recurring  decimal  fractions  are  those  in  which 
one  or  more  figures  precede  the  period  : 

thus  -23,  -2127,  -359429  are  mixed  recurring  decimals. 

114.  To  find  the  Vulgar  Fraction  lohich  is  equivalent 
to  a  given  pure  recurring  Decimal. 

Ex.  (1).  Find  the  Vulgar  Fraction  equivalent  to  -3. 
The  decimal  =  -333 
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From  10  times  the  decimal,  or  3*333 

Take  the  decimal,  or  333 

Then  9  times  the  decimil=3-000 

.'.  the  decimal=|=^. 

Ex.  (2).  Find  the   Vulgar  Fraction    eq[uivalent  to 

247. 

The  decimal  =  -247247 

From  1000  times  the  decimal,  or    247-247 

Take  the  decimal,  or  '247 

Then  999  times  the  decimal  =  247*000 

.-.  the  decimal  =  ||J. 

Ex.  (3).    Find   the   Vulgar   fraction   equivalent    to 
•0423. 

The  decimal  =:  -04230423 

From  10000  times  the  decimal,  or   423*0423 

Take  the  decimal,  or  -0423 

Then  9999  times  the  decimal  =  423  0000 

.-.  the  decimal  =  ^V?%  =  j^lj. 

Examples.   (11) 
Convert  into  Vulgar  Fractions  in  their  lowest  terms  : 
(1)     -6  (2)    -27  (3)     -045  (4)     -3123 

(6)     -0072         (6)     -4023  (7)     •00054  (8)    -OOOOd 

Hence  we  deduce  the  following  rule  for  reduc- 
ing a  pure  recurring  decimal  to  a  Viilgar  Fraction  : 

Take  one  of  the  periods  to  form  the  nuinerator,  and  for 
the  denominator   fhe  nmnhcr  form.ed   hy  repeating  9  as 
viutnij  times  as  there  are  figures  in  the  period. 
Thui    -7  =  ^ 
•05  =  A 
•4327=  tin 
116.   To  find  tJie  V'Jgar  Fraction,  whieh  is  equivalent 
to  a  (jiven  mixed  recurring  decimal. 
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Ex.  (1).     Find   the  Vulgar  Fraction  equivalent  to 

•237 

The  decimal  =  -23737.... 

From  1000  times  the  decimal,   or         237'37 

Take  10  times  the  decimal,  or  2-37 


Then  990  times  the  decimal  =  235, 
.-.  the  decimal  =  f f^  =  tVb 

Ex.  (2).     Find  the  Vulgar   Fraction   equivalent   to 
0-4726. 

The  decimal  =  -04726726. 

From  100000  times  the  decimal,  or        4726-726 

Take  100  times  the  decimal,  or  4-726 


Then  99900  times  the  decimal  =  4722, 
.*.  the  decimal  =  ^VaVir  =  lUU 

Ex.     (3).  Find  the   Vulgar   Fraction   equivalent  to 

8-14. 

The  decimal =3 -1444 

From  100  times  the  decimal,  or      314*44 

Take  10  times  the  decimal,  or       31*44 

Then  90  times  the  decimal  =  283, 
,*.  the  decimal =1§^. 

90 


Examples.    (lii«) 

Convert  into  Vulgar  Fractions  in  their  lowest  terms  : 
(1)      -425  (9)      -4759  (3)      4-253  (4)     -00426 

(5)    53-00243  (6)     7-26li  (7)    2-5306 

117.  Hence  we  deduce  the  following  rule  for  reduc- 
ing  a  Mixed  recurring  decimal  to  a  vulgar  fraction  : 

Form  the  Niunerator  by  taJcing  from  the  figures  vp  to 
tha  end  of  the  first  period  the  figures  that  precede  the  first 
period  ;  and  form  th^  Denominator  hy  setting  down  9  as 
many  times  as  there  are  figures  in  the  j^eriod,  and  affix- 
ing 0  as  many  times  as  there  are  figures  between  the  deci- 
mal point  and  the  first  period. 
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Thus  -245=245-2^04  3 

19  9  9  0     Irg^Ty 
•00478  -=  A^-^;;*  —    *  e  » 
4*5  =  ^^""^ 41 

9  ^9 

7.Q45  =  7345-734  __  e^i I 

9  00  9  00  * 

118.  The  method  of  performing   arithmetical  opera- 
tions with  recurring  decimals  will  be  best  explained  by 
taking  the  operations  separately. 
I.  Addition. 

Find  the  sum  of  3-49,  4-047,  and  '1468. 
First  make  the  decimals  all  of  the  same  order,  thus 

3-4999,  4-0470,   -1463. 
Then,  since  the  periods  consist  of  1,  3,  2  figures  respect- 
ively, and  the  l.  c.  m.   of  1,  3  and  2  is  6,  carry  on  all  the 
decimals  six  places  farther,  thus 

3-4999999999 

4-0470470470 

•146363G363 


7-69341068 
n.  Subtraction. 

Here  we  proceed  on  the  same  principle  as  in  Addition. 
Thus  to  subtract  5-247  from  8-059, 

8-059059 

5-247777 


2-81128 

In  both  operations  some  care  is  requisite  in  observing 
what  figure  would  be  carried  on  if  the  columns  omitted 
were  taken  into  account. 

III.  In  Multii)lication  and  Division  the  recurring 
decimals  should  be  converted  into  vulgar  fractions,  and 
when  the  Product  or  Quotient  of  these  fractions  has 
been  found,  it  may  be  converted  into  a  decimal. 

Thus  4-5  X  3-7  ==  *-*--^  X  ''^  =  V  X  "V  =  ^,^ ^^ 
and  -05  -  -042  =  ^^  ^  i\P^  =  i\  X  %V  =  '^'  -  U- 
"We  may  tlien,  if  it  be  required,  convert  ^-fy^  and  f  ^  into 
decimals,  by  the  process  explained  in  Art.  108. 
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Examples.    Oiii). 

Find  the  value  of  the  following  expressiona  : 

(1)     2-57  +  -043  -h  13-'i.         (2)     14-762  +  3-549  -f  2-204. 

(8)     15-025 -13-247.  (4)     •0246--00397. 

(5)     3-7  X  5-49.  (6)     -0072  X  -45, 

(7)     3-4 -T- 4-09.  (8)     -074 -f- -59. 

119.  When  vulgar  and  decimal  fractious  are  com- 
bined in  the  same  expression,  it  may  iisuallij  be  simpli- 
fied in  the  neatest  and  easiest  way  by  reducing  the  vul- 
gar fractions  to  a  decimal  form. 

Thus,  if  we  have  to  find  the  sum  of  476^,  13f ,  and  10-375, 
we  should  proceed  thus  : 

476H476-25 
13|=   13-375 
10-375 


Sum     500000 
Examination  Papery 


(1)  Show  that  any  decimal  is  multiplied  by  1000  by  re- 
moving the  decimal  point  in  the  multiplicand  three  places 
towards  the  right. 

(2)  Enunciate  the  general  rules  for  the  divsion  of  deci- 
mals. In  cases  when  the  division  does  not  terminate, 
explain  how  to  determine  the  place  of  the  decimal  point  in 
the  quotient. 

(3)  Which  of  the  following  statements  is  more  nearly  cor- 
rect? 

,-^3=1-11,  or  ^  =  9.009. 

(4)  How  many  times  can  -0087  be  taken  from  2*291  ? 
What  fraction  will  the  remainder  be  of  the  former  ? 

(5)  Whence  does  it  appear  that  a  vulgar  fraction  may 
always  be  reduced  either  to  a  terminated  or  a  circulating 
decimal  ? 

Calculate  the  limits  of  the  error  made  in  taking  f  ff  as  an 
approximate  value  of  3-1415926  to  seven  places  of  decimals. 
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II. 

(1)  Explain  what  vulgar  fractions  can  be  expressed  as 
finite  decimals. 

Which  of  the  following  fractions  can  be  thus    expressed  ? 

6  77  1820      231        79  91 

•3"^'  TTUO"'    2-9  12'  ¥8¥'  ¥03"'    5^(5" 

(2)  If  a  pound  of  sugar  cost  '0093125  of  fS,  find  the  value 
of  -0625  of  16  barrels  of  200  pounds  each. 

(3)  Whether  is  3*714535  more  accurately  represented  by 
3-715  or  3-714,  and  why  ? 

(4)  What  vulgar  fraction  is  equivalent  to  the  sum  of  14-4 
and  1-44  divided  by  their  difference  ? 

(5)  Find  a  decimal  which  shall  not  differ  from  4  by  a  ten- 
thousandth. 

Ill 

(1)  What  are  the  advantages  and  disadvantages  of  work- 
ing with  decimals  instead  of  vulgar  fractions  ? 

(2)  If  a  business  produces  an  annual  return  of  S6,000, 
and  of  three  partners  one  has  '475  and  another  "38  share  of 
the  profits,  how  much  money  falls  to  the  share  of  the  third 
partner  ? 

(3)  A  man  who  owns  f  of  a  steamboat  sells  -7  of  his  share 
for  11,400  ;  what  decimal  part  of  the  boat  does  he  still  own, 
and  what  was  the  boat  worth  ? 

(4)  A  man  paid  S120  for  a  horse  ;  for  a  buggy  #36 1%  more 
than  -3  of  the  cost  of  the  horse  ;  for  harness  -185  of  the  cost 
of  horse  and  buggy.     Find  his  entire  outlay. 

(5)  The  product  of  three  vulgar  fractions  is  ^  ;  two  of 
them  are  expressed  by  the  decimals.  -C3  and  -136  ;  by  what 
fraction  will  the  third  one  be  expressed  ? 

IV. 

(1)  How  do  the  Decimals  differ  from  Vulgar  Fractions  ? 

(2)  A  storekeeper  buys  140  yards  of  cloth  at  $'36  per  yard. 
In  selling  he  uses  a  measure  which  is  T^^g  of  a  yard  too  short, 
and  charges  $'50  per  yard.     What  is  his  net  gain  ? 

(3)  One  vessel  contains  a  mixture  of  18  pints  of  brandy 
and  7  of  water  ;  another  contains  34  pints  of  brandy  and  13 
of  water. 

If  the  strength  of  the  first  mixture  is  represented  by  423, 
what  number  will  represent  that  of  the  second  ? 
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(4)  Write  in  figures  four  millions  and  four,  and  ten  billions 
ninety  thousand  and  seven  hundred  quadrillionths.  Ex- 
press in  words  74000306-000060000007. 

(5)  A  piece  of  cloth  was  said  to  contain  84  yards,  but  it  was 
found  that  the  so-called  yard  measure  with  which  it  was 
measured  was  •02083  of  a  yard  too  short ;  what  was  the 
correct  length  of  the  cloth  ? 


(1)  When  a  vulgar  fraction  is  changed  to  a  decimal,  ex- 
plain how  many  figures  there  will  be  in  the  decimal  if  it 
does  not  repeat ;  if  it  is  a  repeating  decimal  explain  when  it 
will  consist  of  a  part  which  does  not  repeat,  and  show  how 
many  figures  there  will  be  in  this  part. 

(2)  The  French  metre  is  39-371  inches  in  length.  Ex- 
press the  length  of  25  metres  as  a  fraction  of  an  English 
mile,  there  being  5280  feet  in  it  and  12  inches  in  a  foot. 

(3)  If  a  steamer  makes  a  passage  from  New  York  to 
Liverpool  (say  2700  miles)  in  230  hours,  and  a  train  goes 
from  London  to  Edinburgh  (say  405  miles)  in  18  l^ours  ;  how 
much  does  the  one  go  faster  than  the  other  ?  Give  answer 
in  miles  and  decimal  of  a  mile. 

(4)  Given  that  the  sum  of  the  divisor  and  quotient  is  7*5 ; 
and  that  the  divisor  is  f  of  the  quotient ;  also  that  the 
remainder  is  |^  of  the  divisor.     Find  the  dividend. 

(5)  Divide  $448. 71^  among  A,  B,  and  C,  so  as  to  give  B 
$46.70  less  than  A,  and  134.59  more  than  C. 

VI. 

(1)  What  vulgar  fractions  must  be  represented  by  mixed 
repetends,  and  what  by  pure  repeiends  ? 

(2)  Show  that  no  recurring  decimal  can  have  more  places 
in  the  period  than  there  are  units  in  the  denominator  less 
one. 

(3)  A  man  spent  $2.50  more  than  .79  of  his  money  at  one 
time  and  11-15  less  than  ^^-£^  of  the  remainder  at  another, 
and  now  has  $2*609  ;  how  much  had  he  at  first  ? 

(4)  Simplify  16[^-^-Tj+--jj--'-^x  ...}-^|^. 

/rx  0-1^1         ^  1       ^        •^X4       1       3X4X5    1     ) 

(6)  Simplify  j^X  I  l--Q-,xy-^X^^-^-^^-2>^.j^ 
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XIII.    Square  Root. 

120.  When  a  Number  is  multiplied  by  itself,  the 
result  is  called  the  Square  of  the  number.  Thus  144 
is  the  square  of  12,  and  225  is  the  square  of  15. 

The  symbol  ^  placed  over  a  number  expresses  the 
square  of  the  number  :  thus  5^  denotes  the  square  of  5. 

121.  The  Square  Eoot  of  a  given  number  is  that 
number,  whose  square  is  equal  to  the  given  number. 

Thus  the  square  root  of  144  is  12,  because  the  square 
of  12  is  144. 

The  symbol  y,  placed  before  a  number,  denotes  that 
the  square  root  of  that  number  is  to  be  taken :  thus 
y25  is  read  '*  the  square  root  of  25." 

122.  A  number  which  has  an  integer  for  its  square 
root  is  called  a  Perfect  Square.  . 

123.  For  Perfect  Squares  not  greater  than  100  we 
know  the  square  roots,  thus  we  know  that  the  square 
root  of  81  is  9  ;  and  for  many  Perfect  Squares  greater 
than  100  we  know  the  square  roots  by  experience,  as, 
for  instance,  w^e  know  that  the  square  root  of  169  is  13, 
and  the  square  root  of  400  is  20,  and  the  square  root  of 
10000  is  100.  But  we  have  rules  for  finding  the  Square 
Boot  of  any  Number,  as  we  shall  now  explain 

First,  suppose  we  have  to  find  the  Square  Eoot  of 
1225. 

We  draw  a  line  separating  the  two  figures  on  the  right 
from  the  other  two  ;  thus 

12125. 
I'he  figures  12  make  what  is  called  the  first  period. 
The  figures  25  make  what  is  called  the  second  period. 

We  then  take  the  nearest  perfect  square  not  greater 
than  12,  that  is  9,  and  place  it  under  the  12  and  put  its 
square  root,  that  is  3,  as  the  first  figure  of  the  square 
root  we  have  to  find,  thus 

r2i25(a 
9 


SQUARE    ROOT.  103 

We  subtract  9  from  12,  and  annex  to  the  remainder  3 
the  second  ijeriod  25,  to  make  a  dividend,  and  we  double 
the  first  figure  of  the  root,  and  set  down  the  result  as 
the  first  term  of  a  divisor ;  thus  our  process  up  to  this 
point  will  stand  thus  : 

12125  (  3 
9 

6     I  325 
Now  we  shall  have  to  annex  another  figure  to  the  6, 
and  we  must  therefore  reckon  the  6  as  six  teiis,  or  60, 
and  then  we  seek  the  number  of  times  60  is  contained 
in  325,  and  this  being  Jive  times,  we  set  down  5  as  the 
second  figure  of  the  root,  and  annex  5  to  the  6,  so  that 
om'  process  up  to  this  point  \sdll  stand  thus  ; 
12125  (35 
9 

65  I  325 
We  then  multiply  65  by  5,  and  set  the  product  down 
under  the  325  ;    and   subtracting  the  product  fi-om  the 
325,  we  have  no  remainder,  and  we  conclude  that  35  is 
the  square  root  of  1225,  the  full  process  being 
12125  (  35 
9 


65 


325 
325 


Next,  to  find  the  square  root  of  622521. 
Drawing  a  line  to  mark  off  the  two  figures  on  the 
right,  and  another  hne  to  mark  off  the  next  two  figures 
our  process  for  finding  the  first  two  figures  of  the  root 
will  be  the  same  as  that  explained  in  the  first  example, 
and  it  will  stand  thus  : 

62125121(78 
49 


148 


1325 
1184 


14121 


104 
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We  now  annex  to  the  remainder  the  third  period  21,  and 
we  double  the  part  of  the  root  aheady  found,  78,  and  set 
down  the  result  156  as  a  partial  divisor,  and  proceed,  as 
before,  to  divide  14121  by  1560,  and  annex  the  quotient 
9  to  the  root  and  to  the  divisor ;  and  multiplying  1569 
by  9  we  set  the  product  under  the  14121 ;  thus  our 
process  in  full  will  be 

62125121(789 

49 


148 


1569 


1325 
1184 


14121 
14121 


.'.  789  is  the  root  required. 

Note. — In  practice,  instead  of  dividing  1325  by  140, 
it  is  usual  to  divide  182  by  14,  and  instead  of  dividing 
14121  by  1560,  to  divide  1412  by  156.  The  quotient 
thus  obtained  is,  however,  sometimes  too  great,  as  will 
be  seen  in  the  next  Examples. 

We  now  give  two  Examples  in  which  the  first  period 
has  only  one  figure,  which  must  always  be  the  case  when 
the  proposed  square  has  an  odd  number  of  figures  in  it. 

To  find  the  square  root  of  189475225. 

Marking  off  the  figures  by  pairs,  commencing  from 
the  right,  we  have 

1I89I47I52I25  ( 13765 


23 

89 
69 

267 

2047 
1869 

2746 

17852 
16476 

27525 

137625 
137625 
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Note.— In  dmding  89  by  20  the  quotient  is  4,  but  if 
we  added  tliis  to  complete  the  divisor,  it  would  become 
24,  which  being  multiphed  by  4,  would  give  96,  a  num- 
ber larger  than  89. 

To  find  the  square  root  of  39601. 


23 
889 


3196101  ( 199 
1 

296 
261 


3501 
3501 


Note  I. — The  division  of  296  by  20  illustrates  the 
remarks  made  on  the  last  example. 

Note  II. — The  second  remainder,  35,  is  greater  than 
the  divisor,  29,  a  result  not  uncommon  in  this  operation. 


Examples 

.  (Iv) 

dthe 

square  roots  of 

U) 

196. 

(2) 

529. 

(3) 

1024. 

(4) 

5625. 

(5) 

88209. 

(6) 

119025. 

(7) 

106929. 

(8) 

751689. 

(9) 

193600. 

(10) 

697225. 

(11) 

36372^161. 

(12) 

22071204. 

a3) 

550183936. 

(14) 

5256250000. 

(15) 

4124961. 

(16) 

546121000000. 

(17) 

32239684. 

(18) 

191810713444. 

124.   To  find  the  square  root  of  a  Decimal  Fraction. 

When  the  given  number  has  an  even  number  of  deci- 
mal places,  we  proceed  to  find  the  square  root  as  if  the 
number  were  an  integer,  and  mark  off  in  the  root  a 
number  of  decimal  places  equal  to  half  the  number  in  th« 
square. 

Thus,  if  the  square  be  a  decknal  of  the  sixth  order, 
the  root  will  be  a  decimal  of  the  third  order, 
For  example,  to  find  the  square  root  of  5-322249, 
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6-I32I22I49  (2-307 
4 


43 


46 


132 
129 


322 


Since  46  is  not  contained  in  82,  we  annex  an  0  to  the 
divisor,  and  also  to  the  root,  and  bring  down  ^the  next 
period,  thus, 

4607  I  32249 
I  32249 

Examples.   (Ivi) 

Find  the  square  roots  of 

(1)  16-81.  (2)  281.9041.  (3)  -9025. 

(4)  -2601.  (5)  -0625.  (6)  -000729. 

(7)  17242-3161.  (8)  1-002001.  (9)  44415.5625. 

(10)  18947-5225. 

125.  In  finding  the  square  root  of  a  decimal  fraction 
we  must  be  careful  to  make  the  decimal  such,  that  the 
index  of  its  order  is  an  even  number. 

Thus,  if  we  have  to  find  the  square  root  of  -4,  we 
change  the  decimal  into  an  equivalent  decimal  of  the 
second,  fourth,  sixth... order,  thus,  -40,  -4000,  -400000,... 

This  is  done  in  order  that  the  denominator  of  the 
equivalent  fraction  may  be  a  perfect  square,  which  is 
the  case  in  the  fractions 

40       4000_     ^00000_ 

100    Toooo     ioo"oooor— 

but  not  in  the  fractions 

_4_     400       40000 

10"    1000    100000 

Also,  since  for  every  />«i>  of  figures  in  the  square  we 
have  one  figure  in  the  root,  we  shall  have  to  take  a 
number  of  figures  in  tlie  decimal  part  of  the  square 
double  the  number  of  decimal  places  we  are  to  have  in 
the  root. 
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Suppose,  for  example,  we  have  to  find  the  square 
root  of  -144  to  four  places  of  decimals. 

We  must  have  eight  decimal   places  in  the  square, 
thus,  -14400000,  and  we  mark  off  these  and  proceed  as 
in  the  extraction  of  the  root  of  whole  numbers,  the  root 
being  a  decimal  of  the  fonrfh  order  :  thus, 
•14140100100  ( -3794  .... 
9 


67 

540 
469 

749 

7100 
6741 

7584 

35900 
30336 

5564 
i^OTE. — The  square  root  of  a  decimal  of  an  odd  order 
is  a  non-terminating  decimal. 

Examples-    (I'^ii) 
Extract  to  four  places  of  decimals  the  square  roots  of 
(1)    20.  (2)     80.  (3)     -9.  (4)     -121. 

(5)     -169.  (6)     -016.  (7)     -00064.        (8)     -00121. 

(9)     16-245.     (10)     -9.  (11)     -25.  (12)    42-03. 

126.  If  we  have  to  find  the  square  root  of  a  vulgar 
fraction,  we  can  always  by  multiplication  make  the 
denominator  a  perfect  square,  if  it  be  not  ah-eady  so, 
multiplying  the  numerator  by  the  same  number. 

We  then  find  the  square  root  of  the  denominator,  and 
find,  exactly  or  approximately,  the  square  root  of  the 
numerator,  and  make  the  results  respectively  the  de- 
nominator and  numerator  of  a  fraction,  which  is  the 
root  required,  exactly  or  approximately. 


Ex.  (l).J2A=v/25^5 
^  ^     \  36        x/36        6 


Ex 


2X3    _    x/6 


•  (2)-  V  3    "  V  ix3         v/9 
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We  can  now  extract  the  square  root  of  6   to,  say, 
three  places  of  decimals,  thus  : 

6'|00|00l00  (  2-449 

4 


44 

200 
176 

484 

2400 
1936 

4889 

46400 
44001 

2399 

12  ^  2-449. . . 
'3  ~        3 


=  -816. 


Or  we  might  have  reduced  |  to  a  decimal,  thus: 
•666666...,  and  then  have  extracted  the  square  root  of 
this  decimal. 


E: 


(^)-     V  ^64=  V  -64  =-764 


23  7 
T"=  8 
1-28 


Ex.  (4).     To  find  the  square  root  of  ^^7^ 

Here  we  can  reduce  the  fraction  to  lower  terms, 
mu  /1*28  1-64         -8       ^„ 

127.  An  integer  can  always  be  changed  into  a  per- 
fect square  by  multiplying  by  a  nimiber  equal  to  or  less 
than  the  proposed  integer. 

For  example, 

7  is  changed  into  a  perfect  square  if  multiplied  by  7 

18  is  changed  into  a  perfect  square  if  multiplied  by  2. 

Examples-  (Iviii) 
Find  the  square  roots  of 


(1) 

If 

(2) 

i¥t 

(8) 

Ml' 

(4) 

HU 

(5) 

l'&\% 

(6) 

5^ 

(7) 

^n 

(8) 

'^A\ 

(9) 

6514 

(10) 

38H 

(11) 

^m 

(12) 

llf^ 
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and  find  to  four  places  of  decimals  the  square  roots  of 
(13)     t  (14)    ^  (15)    6| 

(16)    9i  (17)     761^ 

XIV.    Cube  Root. 

128.  When  a  number  is  multiplied  by  itself  twice, 
the  result  is  called  the  Cube  of  the  number.  Thus  27 
is  the  cube  of  3,  and  216  is  the  cube  of  6. 

129.  The  Cube  Eoot  of  a  given  number  is  that 
number,  whose  cube  is  equal  to  the  given  number. 

Thus  the  cube  root  of  343  is  7,  because  the  cube  of  7 
IS  343 

The  symbol  ^  ,  placed  before  a  number,  denotes  that 
the  cube  root  of  that  number  is  to  be  taken :  thus 
yi25  is  read,  "the  cube  root  of  125." 

130.  A  number,  which  has  an  integer  for  its  Cube 
Eoot,  is  called  a  Perfect  Cube. 

The  numbers,  less  than  1000,  which  are  perfect  cubes, 
should  be  committed  to  memory :  they  are 

1,  8,  27,  64,  125,  216,  343,  512,  729, 
and  the  cube  roots  of  these  numbers  are  respectively 
1, '  2,     3,     4,     5,     6,     7,     8,     9. 

131.  To  find  the  Cube  Eoot  of  a  perfect  cube, 
greater  than  1000,  we  proceed  by  a  rule,  which  we  shall 
now  explain. 

Ex.  (1).  To  find  the  cube  root  of  91125. 
4  91  I  125 

64 


12  6  48Q0 

625 

5425 


27125 
27125 


First  divide  the  number  91125  into  two  periods  by  drawing 
a  line  marking  off  three  figures  on  the  right. 

Then  take  the  nearest  perfect  cube  not  greater  than  91, 
which  is  64,  and  set  down  its  cube  root,  which  is  4,  in  a 
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line  with  91125,  and  some  way  to  the  left.     This  is  the 
first  figure  of  the  root, 
ben  subtract  64  from  ! 
the  second  period,  125 

Now  place  three  times  the  first  figure  of  the  root,  12,  to 
the  extreme  left,  and  three  times  the  square  of  the  first 
figure  of  the  root,  48,  with  two  zeros  annexed  to  it,  just 
on  the  left  of  the  27125. 

Divide  27125  by  4800,  and  set  the  quotient,  5,  midway 
between  12  and  4800.     Then  read  12  5  as  125 

multiply  this  by  5  ;  put  the  result,  C25,  under  the  4800 
add  it  to  the  4800 ;  this  gives  5425 ;  multiply  this  by  5 
put  the  result,  which  is  27125,  under  the  first  remainder 
subtract,  and  as  there  is  no  remainder,  the  process  is 
complete,  and  the  root  is  45. 

Examples,    (hx) 

Find  the  cube  roots  of 

(1)  4096.  (2)  32768.  (3)  74088. 

(4)  493039.  (5)  614125.  (6)  262144. 

(7)  39304.  (8)  389017.  (9)  614125. 

(10)  970299.  (11)  59319.  (12)  250047. 

Next,  let  us  take  the  case  in  which  the  cube  root  has 
three  figures,  and  extract  the  cube  root  of  428661064. 
7  428  I  661  I  064 

343 


21 


^2u 


14700 
1075 

85661 

15775  ■ 
25  J 

78875 

1687500 
9016 

6786064 

1696516 

6786064 

We  separate  the  number  428661064  into  three  periods, 
and  take  the  nearest  perfect  cube  not  greater  than  428, 
which  is  343,  and  we  set  down  its  cube  root,  which  is  7. 
We  then  subtract  343  from  428,  and  annex  to  the 
remainder  661,  the  second  period. 
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Ill 


Tlien  we  set  down  three  times  7,  which  is  21, 

and  three  times  the  square  of  7,  which   is  147,    and   add 

two  zeros  to  it. 
Then  we  divide  85661  by  14700,  which  gives  the  quotient 

o,  and  this  we  put  down  midway  between  21  and  14700. 
Then  we  multiply  215  by  5,  which  gives   1075  ;  we  add 

this  to  14700;  we  multiply  the  result,  15775,  by  5  ;  and 

subtract  the  product,  78875,  from  85661  ;  and  to  the 

remainder  we  annex  the  third  period,  064. 
We  then  set  down  three  times  75,  which  is  225, 
and  three  times  the  square  of  75,  which  is  16875. 

N.B. — This  last  result  can  be   obtained  by  setting  the 
square  of  5,  the  second  figure  of  the  root,  under  the  second 
divisor,  and  adding  the  three  numbers   coupled   by   the 
bracket. 
We  then  annex  two  zeros,  to  16875  and  repeat  the  process 

explained  above,  to  find  4,  the  third  figure  of  the  cube 

root,  which  is  in  this  case  754. 

Next,  take  the  case  in  which  the  root  has  ybm- figures 
and  find  the  cube  root  of  14832537993, 


72 


73^ 


2 

14  1  832  1  537  [  993 
8 

4 

1200 
256' 

6832 

1456  ' 
16 

5824 

5 

172800 
3625 

1008537 

176425  " 

25  j 

882125 

7 

18007500 ' 
51499 

126412993 

18058999      126412993 

Hence  the  root  required  is  2457. 

Note.— In  dividing  6832  by  1200  the  quotient  is  5,  but  if 
we  took  this  for  the  second  figure  of  the  root  we  should  find 
that  the  addition  of  5  times  65,  or  325,  to  1200,  would  give 
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1525,  and  this  multiplied  by  5  would 
large  to  be  subtracted  from  6882. 


ive  7625,  a  number  too 


Examples,  (ix) 

Find  the  cube  roots  o 

(1) 

14706125. 

(2)  149721291. 

(3) 

28934443. 

(4) 

300763000. 

(5)  2097152. 

(6) 

5735339. 

(7) 

99252847. 

(8)  1092727. 

(9) 

16777216. 

(10) 

194104539. 

(11)  84027672. 

(12) 

130323843. 

(13) 

322828856. 

(14)  354894912. 

(15) 

700227072. 

(16) 

134217728. 

(17)  122615327232. 

(18; 

673373097125 

'. 

132.  To  extract  the  Cube  Root  of  a  Decimal  Fraction. 

In  order  tliat  a  Decimal  Fraction  may  be  a  Perfect 

Cube,  it  must  be  of  the  3rd,  6th,  9th order,  the 

Index  of  the  order  being  some  multiple  of  3. 

We  then  proceed  in  the  following  way  : 
Ex.  (2)     To  find  the  cube  root  ot  -343. 


*/.Q  JO  ■     .'? '  343 
\  1000 


1_ 

10 


•7. 


Ex.  (2)    To  find  the  cube  root  of  -039304. 
39304         34 


8/ -039304=  \\ 


=  -^  =  -34, 


1000000       100 


Ex.  (3)     To  find  the  cube  root  of  -012812904. 

V:0l28l2904-  =  ^Sl^mo^  =  ^  =  -234. 
^ 1000000000       1000 

133.  To  extract  the  cube  root  of  an  integer  or  deci- 
mal exi^ression  to  a  particular  place  of  decimals,  we  must 
tpke  three  times  the  number  of  decimal  X)laces  in  the  ex- 
pression. 

Tims,  to  find  the  cube  root  of  4-23  accurately  to  three 
places  of  decimals  we  extract  the  cube  root  of  4-230000000, 
making  the  given  expression  a  decimal  of  the  iiintli 
order.     In  working  this  example  we  find  the  cube  root 
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of  4230000000,  regarded  as  a  ivhole  numdcr,  and  mark  off 
tliree  decimal  places  in  the  result. 

134.  The  cube  root  of  a  Vulgar  fraction  may  be  found 
by  taking  the  roots  of  the  numerator  and  denominator, 
or  by  reducing  the  fraction  to  a  decimal  of  the  3rd,  Gth, 
9th Order,  and  proceeding  as  in  Art.  133. 

Exami'les-    (l^i). 
Find  the  cube  roots  of 
(1)       -389017        (2)       -048228544         (8)      27054-03G008 

and  find  to  three  places  of  decimals  the  cube  roots  o^ 

(8)    5  (9)     576  (10)     -121861281 

^11)    15-926972504  (12)  f  (13)     f 

(14)    i  (15)   7f  (16)     3^ 

135.  The  fourth  root  of  a  number  is  found  by  taking 
the  square  root  of  the  square  root  of  the  number. 

Thus  y4096  =  y64  =  8. 

The  sixth  root  of  a  number  is  found  by  taking  the  cube 
root  of  the  square  root  of  the  number. 

Thus  V64  =  V8  =  2. 

Examples-    (ixii) 

lind  the  fourth  roots  of 

(1)     531441  (2)     4100625  (3)     1575-2961; 

and  the  sixth  roots  of 

(4)     4826809        (6)    24794911296     (6)     2824-29 -536481. 


COMMERCIAL  ARITHMETIC 


XV.   On  English,  Canadian,  and  United  States 
Currencies. 

136-  Having  explained  the  principles  and  processes 
of  Pure  Arithmetic,  we  proceed  to  show  how  they  are 
apphed  to  Commercial  affairs. 

Measures  of  Money. 

4  farthings  are  equivalent  to  1  penny, 

12  pence  are  equivalent  to  .     1  shilling 

20  shillings  are  equivalent  to    1  pound. 

The  symbol  £  placed  before  or  over  a  number  denotes  pounds^ 

s after    shilUngSf 

d after    .pence. 

£      8.    d. 
Thus  £14.  5s.  Id.,  or  14.  5.  7  stands  for  fourteen 
pounds,  five  shiUings  and  seven  pence. 

Since  1  farthing  is  one-fourth  of  a  penny, 

2  farthings  are  one-half  of  a  penny, 

3  farthings  are  three-fourths  of  a  penny. 
Hence  the  symbol  ^d.  is  placed  for  1  farthing, 

^d 2  farthings  or  a  halfpenny. 

Id 3  farthings. 

The  symbol  q.,  placed  after  a  number,  is  sometimes 
used  to  denote  farthings:  thus,  Sq.  stands  for  three 
farthings. 

137.  We  call  £14  a  simple  quantity,  and  £14.  5s.  Id, 
a  compou7id  quantity,  because  the  former  is  expressed 
with  reference  to  a  single  unit,  ^vhile  the  latter  is  ex- 
pressed with  reference  to  three  different  \miis. 
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138.  Tlie  unit  in  Canadian  and  United  States  cur- 
encies  is  called  a  dollar.  The  tenth  part  of  this  unit 
is  called  a  dime;  the  tenth  jmrt  of  the  dime  is  called  a 
cent ;  and  the  tenth  of  the  cent  is  called  a  mill.  We 
may  conceive  the  unit,  then,  to  be  divided  into  ten 
equal  parts,  each  of  these  parts  into  ten  other  equal 
parts,  and  so  on.  Hence  Canadian  and  United  States 
currencies  are  based  on  the  Decimal  System  of  Notation^ 
and,  therefore,  all  operations  in  these  currencies  are 
performed  by  means  of  the  rules  in  Decimal  Fractions. 
It  is  to  this  circumstance  that  they  owe  their  great 
simplicity. 

TABLE  OF  CANADIAN  AND  UNITED  STATES  COINS. 

CANADIAN   COINS.  UNITED    STATES   COINS. 

Gold,  Gold. 

British    Sovereign,     worth  Double  Eagle,  or... $20 

$4.86t.  Eagle,    or  #10 

British  Half-Sovereign.  Half  Eagle,  or $5 

Three  Dollar  Piece. 

Quarter  Eagle,  or...  $2^ 

Dollar. 

Silver.  Silver, 

Dollar. 

60-cent  piece  answers  to Half  dollar. 

25-cent  piece  answers  to Quarter  dollar. 

20-cent  piece  (no  longer  coined). 

10-cent  piece  answers  to Dime. 

Nickel. 

6-cent  piece  answers  to 5-cent  piece. 

3-cent  piece. 

Bronze.  Bronae. 

1  cent.  1  cent. 

Mill,  not  coined.  Mill,  not  coined. 

Ex.  (1).     $251,  7  cents,  3  mills. 

=  S(251  +  i«xir^+  ri^  +  tAo)^ 
=  ^(251  +  tttW  4"  1000  +  iTTOir) 
=  $(251  H-  t^St) 
^  $  251-073. 
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Ex.  (2).    $55-923 

=  ^(55  -r  ip  -{--r^u  +  TTnnr) 

=  $  55  4-  92  cents  +  8  mills 
=  $  65,  92  cts.  3  mills. 

The  English  gold  coinage  consists  of  jj  pure  metal  and  of  j\ 
alloy. 

The  gold  and  silver  coinage  of  the  United  States  consists 
of  j%  pure  metal  and  y^^j  alloy. 

The  silver  coin  in  Canada  and  England  is  |5  pure  metal  and 
:f\  copper. 

Gold  and  silver  thus  alloyed  are  called  standard.  The  gold  or 
silver  before  it  is  coined  is  called  hullion. 

The  1-cent  piece  is  made  of  bronze,  and  is  1  inch  in  diameter, 
and  100  of  them  weigh  1  lb.  avoirdupois. 

The  term  carat  is  employed  to  denote  the  fineness  of  gold. 
Perfectly  pure  gold  is  said  to  be  24  carets  fine  ;  a  mixture  of  18 
parts  pure  gold  and  6  parts  of  some  other  metal,  is  said  to  be 
18  carats  fine.     This  latter  is  termed  jeweller's  gold. 


HEDUGTION  OF  MONEY. 

139.  The  expression  55.  Id.  stands  for  a  sum  of 
money,  which  is  made  up  of  five  shillings  and  seven 
pence.  Now,  since  one  shilling  is  equivalent  to  twelve 
pence,  five  shillings  are  equivalent  to  sixty  pence ;  and 
therefore  five  shillings  and  seven  pence  are  equivalent 
to  sixty- seven  pence. 

The  process  by  which  we  change  the  compound  ex- 
pression 6s.  Id.  into  the  equivalent  simple  expression 
&ld.f  is  arranged  thus  : 

s.      d, 

6  .  7 
12 

67d. 

and  we  describe  the  proceso  thus :  We  change  the  5 
shillings  into  pence  by  multiplying  hy  12,  and  add  to  the 
product  the  7  pence. 
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Again,  to  change  the  compound  expression  £4.  7s.  lOhd. 
Into  au  equivalent  number  of  farthings,  we  proceed  thus  : 

£      s.       d. 
4  .  7  .  lOi 
20 

87«. 
12 

1054(i. 
4 

4218g. 

first  we  change  ^4  to  shiUings  and  add  7s.,  making  87». ; 

then  87s.  to  pence  lOd.,  making  1054c?. ; 

then 1064d.  to  farthings 2^„    making  4218g. 

Bxamples.    (l^iii) 

Eeduce  to  farthings 

(1)  31^.;  7i.;  9c?.;  llfrf. 

(2)  2s.  3d.\  5s.  l^d.;  12s.  9fd.;  I7s.  lid. 

(3)  ^3.  12s.;  ^5  ;  £2.  17s.  6|c?.;  ^17.  4s.  5^d. 

Beduce  to  pence 

(4)  6s.;  4s.  IQd,;  7s.  lOd.;  8s.  9d.;  Us.  Id. 

(6)     £4  ;  ^5.  2s.  4c?.;  ^17.  14s.  5d.;  £58.  13s.  lie? 
(6)     iei74.  10s.;  ^432.  15s.  lOcZ.;  ^1274.  17s.  9t?. 

140.  The  converse  operation,  by  which  we  express  a 
simjde  quantity  in  terms  of  an  equivalent  compound 
quantity,  will  be  best  explained  by  the  foUovdng  Ex- 
amples. 

Ex.  (1).  Nine  farthings  will  be  expressed  as  pence  and 
farthings,  if  we  divide  9  by  4  (since  4  farthings  =  1  penny), 
set  down  the  quotient  as  pence,  and  the  remainder  as 
farthings,  thus  :  9  farthmgs  =  f  c?.  =  2^c?. 

Ex.  (2),  Again,  33  pence  will  be  expressed  as  shillings 
and  pence, if  we  divide  33  by  12  (since  12  pence  =  1  shilling), 
set  down  the  quotient  as  shillings,  and  the  remainder  as 
pence,  thus  :  33  pence  --=^  ff  shillings  =:  2s.  9c?. 

Ex.  (3).     Also,  75  shillings  =  ^  pounds  =  ^£3. 15s. 
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Ex.  (4).    To  express  4275639  farthicgg  j'ai  terms  of  £  s.  d. 

farthings. 

4275639 


4 
12 

2.0 


1068909^.  and  8  farthings  over. 


8907,5s.  and  9  pence  over. 


^£4453      and  15s.  over. 
.\  4275639  farthings  =  ^4453  15s.  9|d. 
These  methods  of  expressing  a  given  sum  of  money 
in  another,  but  equivalent,  form  are  included  in  the 
word  Reduction. 

Examples-  (Ixlv) 

Eeduce  to  pence  and  farthings  the  following  numbers 
of  farthings : 

(1)     57.  (2)     173.  (3)     197. 

Eeduce  to  shillings,  pence  and  farthings  the  following 
numbers  of  farthings : 

(4)     357.  (5)    479.  (6)     747. 

Reduce  to  £  s.  d.  the  following  numbers  of  farthings  : 

(7)    4238.        (8)    376289.         (9)     //42380. 

141.  The  copper  coins  in  use  in  Great  Britain  are 
the  Farthing,  the  Halfpenny,  and  the  Penny. 

The  silver  coins  in  use  are  the  Crown,  (56-.),  the  Half- 
crown  (2.9.  6rZ.),  the  Florin  (2.s.),  the  Shilling,  the  Six- 
pence, the  Fourpenny  piece  (or  Groat),  and  the  Three- 
penny piece. 

The  gold  coins  in  use  are  the  Sovereign  or  Pound,  and 
the  H^ If- sovereign.  The  Guinea  (21cs\)  and  the  Half- 
guinea  (10,9.  Qd.)  are  not  in  use,  but  reference  is  fre- 
quently made  to  them. 

COMPOUND  ADDITION. 

142.  In  adding  compound  expressions  together,  we 
follow  the  principles  which  regulate  the  process  of 
A.ddition  in  the  case  of  pure  numbers. 
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Tims,  in  adding  sums  of  money  we  arrange  them  so 
that  the  pounds  stand  under  pounds  in  vertical  col- 
umns, shillings  under  shillings,  pence  under  pence,  and 
farthings  under  farthings.  For  example,  if  we  have  to 
add  together  4s.  3^^.,  3s.  Sid.,  5s.  4.d.,  and  lis.  did., 

we  arrange  them  thus  : 

8,      di 

4  .  di 
3  .  H 

5  .  4 
17  .  9i 


^1  •  10  •  8i 

Adding  the  columns  of  farthings,  we  find  its  sum  to 
be  6  farthings,  and  this  being  equivalent  to  1  penny 
and  2  farthings,  we  place  ^  under  the  column  of  far- 
things, and  carry  on  1  for  addition  to  the  column  of 
pence. 

The  sum  of  the  column  of  pence,  increased  by  1,  we 
find  to  be  20  pence,  and  this  being  equivalent  to  1  shil- 
ling and  8  pence,  we  place  8  under  the  column  of  pence 
and  carry  on  1  for  addition  to  the  column  of  shilhngs. 

The  sum  of  the  columns  of  shillings,  increased  by  1, 
we  find  to  be  30  shilhngs,  and  this  being  equivalent  to 
1  pound  and  10  shillings;  we  place  10  under  the  col- 
umns of  shillings,  and  set  down  £1  by  itself  on  the  left 
hand. 


Again, 

if  we   have   to 

add  together 

£26  4s. 

9f^., 

£32  125. 

7i^.,  £245  0,9.  2d.,  . 

£7  Us. 

8id. 

,  and  4s. 

8fri., 

we  arrange  them  thus  : 

£ 

8. 

d. 

26  . 

4 

.  9f 

32  . 

12 

•  n 

245  . 

0 

.  2 

7  . 

15 

.  8i 

0  . 

4 

.  8f 

£811  .  ]8  .  Oi 
Adding  the  column  of  farthings,  we  find  its  sum  to  be  9 
farthings,  and  this  being  equivalent  to  2  pence  and  1 
farthing,  we  place  ^  under  the  column  of  farthings,  and 
carry  on  2  for  addition  to  the  column  of  pence. 
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The  sum  of  the  column  of  pence,  increased  by  2,  wo 
find  to  be  36  pence,  and  this  being  equivalent  to  3  shil- 
lings, we  place  0  under  the  column  of  pence,  and  carry 
on  three  for  addition  to  the  column  of  shillings. 

The  sum  of  the  columns  of  shillings,  increased  by  8, 
we  find  to  be  38  shilUngs,  and  this  being  equivalent  to  1 
pound  and  18  shillings,  we  place  18  under  the  columns 
of  shillings,  and  carry  on  1  for  addition  to  the  columns 
of  pounds. 

The  sum  of  the  columns  of  pounds,  increased  by  1,  we 
find  to  be  311,  which  we  place  under  those  columns, 
and  the  sum  is  complete. 

Examples-  (ixv) 

Perform  the  operation  of  addition  on  the  following 
sums  of  money : 


£     s. 

d. 

£ 

B. 

d. 

£       8.          d. 

£        8. 

d. 

(1)  3  .  5  . 

.    2 

(2)  5 

.8. 

,3 

(8) 

6.8.7 

(4)  7  .  6 

.    8 

4.6, 

.  8 

7 

.9  . 

,6 

4.6.  3 

5.8, 

.  4 

7.9. 

.  3 

3 

.4. 

9 

8  .  9  .  10 

9.6, 

.  0 

2.4. 

,  10 

6 

.5. 

2 

9.7.6 

7.4, 

.11 

4.9. 

£      s. 

.  2 
d. 

9 

.0, 

.4 

4.3.0 

2.6, 

.10 

£ 

s. 

d. 

£     s.   d. 

£      s. 

d. 

(5)  3  .  4  , 

.H 

(6)4 

.  7 

.51 

(7: 

1  7  .  8  .  4f 

(8)  6  .  2  . 

H 

2.6, 

■H 

6 

.  8 

.  9i 

6.9.2 

6.3. 

.  2f 

7.6, 

.81 

9 

.5 

.21 

6  .  2  .  7i 

7.8. 

4^ 

6.9. 

6i 

8 

.7, 

H 

6.3.9 

8.9. 

1 

4.7. 
(9) 

( 

5 

.9 

.61 

7.5.4^ 
(11) 

6.3, 
(12) 

,3i 

10) 

£ 

8.          d. 

£ 

s. 

d. 

£ 

s.    d. 

£         s. 

d. 

16. 

.  19  .  4 

26 

.  9. 

2 

17 

.9.10 

21  .  11  . 

3 

14. 

,  13.  2 

13 

.  0  . 

11 

61 

.  11  .  4 

37.  6  . 

9 

67. 

,  8  .10 

9 

.  16. 

4 

18 

.6.9 

4.  6. 

2 

42. 

6.8 

67 

.17. 

8 

28 

.14.  7 

17  .  17  . 

7 

12. 

,  7.  9 

24 

.  19  . 

2 

21 

.  3.  7 

39  .  18  . 

5 

16. 

10.  4 

89 

.15. 

3 

93 

.  14.  6 

47  .  11  . 

10 
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£ 

s. 

d. 

£ 

s. 

d. 

£ 

a. 

d. 

(13)  16  . 

,  3 

-n 

(14) 

35. 

,  8 

.9^ 

(15) 

143  . 

,17. 

9^ 

78. 

,  13 

-n 

76. 

10, 

.4, 

876. 

11  . 

2i 

21  . 

,17 

.41 

25. 

8  , 

.9 

972. 

9. 

10 

5  . 

3, 

.7 

4  . 

0. 

.7.^ 

397. 

4. 

3i 

36. 

,11 

.  4i 

36. 

12, 

'H 

674. 

4. 

lOi 

42. 

8, 

.2i 

42. 

5  . 

.91 

538. 

9. 

6i 

COMPOUND  SUBTRACTION. 

143.  The  process  of  subtracting  one  compound 
5[uantity  fi-om  another  is  founded  on  the  principles  ex- 
plained in  Art.  20,  and  the  following  Example  will  supply 
ill  that  is  necessary  to  make  the  method  clear : 


£ 

8. 

d. 

From 

27, 

.  6 

.2i 

Take 

13. 

.17. 

.4i 

^13  .    7  .  9f 

AiTanging  the  columns  as  in  addition,  we  reason 
thus  :  we  cannot  take  2  farthings  from  1  farthing,  and 
we  therefore  add  4  farthings  to  the  1  farthing,  making  5 
farthings,  and  taking  2  farthings  from  5  farthings  we 
obtain  as  a  remainder  3  farthings,  which  we  set  dow^n 
under  the  column  of  farthings. 

We  then  add,  by  way  of  compensation,  1  penny  to  the 
4  pence  in  the  lower  line.  AVe  have  then  to  take  5  pence 
from  2  pence,  and  as  we  cannot  do  this,  w^e  add  12  pence 
to  the  twopence,  making  14  pence,  and  taking  5  pence 
from  14  pence,  we  obtain  as  a  result  9  pence,  which  we 
place  under  the  column  of  pence. 

We  then  add,  by  way  of  compensation,  1  shilling  to 
the  17  shilhngs  in  the  lower  line.  We  have  then  to 
take  18  shillings  from  5  shillings,  and  as  we  cannot  do 
this,  we  add  20  shillings  to  the  5  shillings,  making  25 
shillings,  and  taking  18  shillings  from  25  shillings,  wg 
obtain  as  a  result  7  shillings,  which  we  place  under  the 
column  of  shillings. 

Finf  Uy,  we  add,  by  way  of  compensation,  1  pound  to 
the  13  pounds,  and  we  take  14  pounds  from  27  pounds, 
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obtaining  as  a  rema'.ader  13  pounds,  which  we  ijlace 
under  the  cohimn  of  pounds. 


Examples,  (ixv 

0 

£       s.       a. 

£ 

s. 

d. 

(1)  Fi 

om    94  •  12  .  7  take    58 

9  . 

2. 

(?') 

75  .  9  .  6   , 

47 

.  8  . 

8. 

(3) 

68  .  13  .  4   , , 

49 

14  . 

5 

(4) 

276  .  17  .  5i  , 

37 

.  19  . 

n 

(5) 

1247  .  5  .  lOi  , 

1246 

.  11  . 

8i 

(6) 

3000  .  10  .  7i  , , 

2998 

13  . 

iif 

(7) 

199  .  0  .  Oi  , 

198 

19  . 

lOh 

(8) 

, ,   80609  .  5  .  2f  , 

79089 

12  . 

H 

(9) 

,,   44005  .  7  .  9i  , 

7896 

10  . 

2i 

(10) 

, ,   30704  .0.5   , 

29484 

0  . 

^ 

COMPOUND  MULTIPLICATION. 

144.  To  multiply  a  compound  expression,  as 
£4  Qs.  9|c^.,  by  a  number,  as  1),  is  equivalent  to  taking 
the  sum  of  nine  expressions,  each  equal  to  £4.  85.  9|6^. 
Instead  of  writing  these  expressions  one  under  the 
other,  and  finding  their  sum  by  the  process  of  addition, 
we  obtain  the  required  result  by  multiptying  each  of 
the  four  quantities,  composing  the  expression,  sepa- 
rately by  9,  calcuhiting  the  value  of  each  result  as  in 
addition,  setting  down  j)art  of  those  results  under  the 
several  columns,  and  carrying  on  part,  as  in  addition, 
thus : 

£  8.  d. 

4    .      8    .    9| 
9 


^39    .    19    .    3f 

The  process  may  be  more  fully  explained  thus : 

9  times  3  farthings  =  27  farthings  =  Q\d.:  set  down  f 
under  the  column  of  farthings,  and  carry  on  6  to  the  pence. 

9  times  9  pence  =  81  pence,  and  6  pence  added  gives  87 
pence  =  7s.  M.:  set  down  3  under  the  column  of  pence,  and 
carry  on  7  to  the  shillings. 

9  times  8  shillings  =  72  shillings,  and  7  shilHngs  added 
gives  79  shilhngs  =  ^3.  19s.:  set  down  19  under  the  column 
of  shillings,  and  carry  on  3  to  the  pounds. 
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9  times  4  pounds  =36  pounds,  and  3  ponnds  added  gives 
39  pounds,  which  is  set  down  under  the  pounds. 

145.  When  the  multipher  can  be  spht  up  into 
factors,  each  of  which  is  not  greater  than  12,  we  multi- 
ply the  compound  expression  first  by  one  of  the  factors, 
and  then  multiply  the  product  by  another  of  the  factors, 
as  in  the  case  of  Simple  Multiplication. 

Thus  if  we  have  to  multii3ly  £12  4^.  l^d.  by  15,  we 
multiply  first  by  5,  and  the  product  by  3,  thus  : 
£      s       d. 
12  .  4  .  7^ 
5 


61  .  3  .  1^  Product  by  6. 
3 


£183  .  9  .  4^  Product  by  16. 
Again,  to  multiply  £17  14*.  9d.  by   180,   we  may 
proceed  thus : 

£  '^.     'd. 

17  .  14  .  9 

10 


177  .  7  .  6  Product  by  10 
6 


1064  .     5 


0  Product  by  60. 
3 


£3192  .  15  .  0  Product  by  180. 


Examples.    (Ixvii) 
Find  the  value  of 

(1)  4  things  at  7s.  dd.  each.     (2)  5  at  Ud.      (3)  6  at  7U, 

(4)  7  at  9s.  6d.        (5)     8  at  2s.  4d.       (6)     10  at  2s.  2id^, 

(7)  11  at  £2  Is.  U.  (8)     12  at  £1  4s.  3d. 

(9)  14  at  17s.  Qd.      (10)  15  at  75.  lO^d.      (11)  16  at  27s. 

(12)  18  at  17s.  Qd.  (13)     20  at  £5  lis.  4d. 

(14)  21  at  6s.  Ihd.  (15)     22  at  £5  lis.  4d. 

(16)  24  at  £4  7s.  Id.  (17)     25  at  4s.  6d. 

(18)  27  at  6s.  Hid.      (19)  28  at  2s.  8d.     (20)  30  at  £1  12s. 

(21)  33  at  £1  2«.  (22)     35  at  £1  2s.  6d 
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146.  When   the   multipUer  cannot  be  split  up  hito 
factors,  we  may  proceed  as  in  the  following  examples : 


Ex.  (1>.  To  multiply  ^17.  12s.  9|d.  by  79. 

d 

9: 

10 


£         8.  d. 

17  .  12  .     9i 


176  .     7  .     8i  Product  by  10. 
7 


1233  .  13  .  Hi  Product  by  70. 
Multiplying  first  line  by  9     158  .  14  .  11^  Product  by  9. 


Adding  the  last  two  results  ^61393  .     8  .  lOf  Product  by  79. 
Ex.  (2).  To  multiply  ^63.  17s.  9^^^  by  3296. 


Multiplying  5th  line  by  2 
Multiplying  3rd  line  by  9 
Multiplying  1st  line  by  6 


Adding  last  four  results  ^12820 


£ 
3 

8. 

.  17 

d. 
10 

38  . 

17 

.  11  Product  by  10. 
10 

388  . 

,  19  . 

,  2  Product  by  100. 
10 

3889  , 

.  11 

.  8  Product  by  1000. 
8 

11668  . 
2      111   . 
)   350  . 
;   23  . 

,  15  , 
,  18  . 

1  . 

6  . 

,  0  Product  by  3000. 
,4    „    by  200. 

3    „   by   90. 

9    »   by   6. 

^12820  . 

1  . 

4  Product  by  3296. 

147.  The-  following  is  a  method  by  which  the  process 
of  multiplying  a  compound  quantity  hy  a  number  greater 
than  1000  is  somewhat  shortened.  We  take  as  an  illus- 
tration the  example  just  worked.  The  process  is  so 
Bimple  that  no  verbal  explanation  is  necessary. 
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2  1  3296 


d.  1648 
29664  the  result  of  multiplying  the  top  line  by  9. 

12  I  31312 


8.  2609  and  M. 


3996^  I  the  result  of  multiplying  the  top  line  by  17. 


20 


5864^1 


£    2932  and  Is. 

9888  the  result  of  multiplying  the  top  line  by  3. 


^12820  .  Is.  .  U. 

Examples. 

(Ixviii) 

Find  the  value  of 

(1)  29  thjngs  at  4s.  M.  each. 
(3)  47  at  Is.  Q^d. 
(5)  89  at  6s.  8d. 
(7)  145  at  ^1.  3s.  2d. 
(9)  3210  at  £1.  18s.  G\d. 
(11)  3684  at  £2.  6s.  9^^.      • 

(2)  39  at  12s.  ^d, 
(4)  71  at  Is.  8(i. 
(6)  123  at  5s.  Q^d. 
(8)  2154  at  £1.  Is.  U, 
(10)  2175  at  ^2.  15s.  ^\d. 

COMPOUND  DIVISION, 

148.  The  process  of  dividing  a  compound  quantity 
by  a  number  is  based  upon  the  principles  explained  in 
the  case  of  Simple  Division,  as  will  be  seen  from  the 
following  Examples : 

Ex.  (1).  To  divide  £18  17s.  nd.  by  9. 
( 13  .  17  .  H 

£1  .  10  .  9i  Quotient. 
We  reason  thus : 
^613  divided  by  9  gives  £1  as  quotient  and  £^  remainder ; 
£4:  =  80  shilHngs,  and  17  shilhngs  added  97  shillings. 
97s.  divided  by  9  gives  10s.  as  quotient  and  7s.  remainder; 
7s.  =  84  pence,  and  1  penny  added  gives  85  pence. 
85d.  divided  by  9  gives  9c?.  as  quotient  and  4d.  remainder ; 
id,  =  16  farthings,  and  3  farthings  added  gives  18  farthings. 
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18q.  divided  by  9  gives  2q.  as  quotient,  and  no  remainder 
Ex.  (2)  To  divide  £51  15s.  5d.  by  35. 

\£  8.      d. 

(5  51  .  15  .  5 


(7 

10  .     7.1 

£1  .    9.7  Quotient 

Ex.  (8).  To  divide  £53  15.'.  Sd.  by  112. 

A 

53  .  15  .     8 

The  factors  of  112  are  • 

4 

13  .     8  .  11 

W 

3  .     7  .     2f 

9  .     7^  Quotient. 
Ex.  (4).     Divide  £119232.  Is.  lO^d.  by  3465. 

3465)119232  .  1  .  10^  (£34 
10395 


16282 
13860 

1422 
20 


3465)28441(85. 
27720 


721 
12 


3465) 8662  (2d. 
6930 

1732 
4 


3465)  6930  (2^. 
6930 

.••  the  Quotient  is  £34.  85.  2J(I 


I.  Divide 


COMPOUND    DIVISION. 

Examples-    (Ixix) 


(1)    ^1.  3s.  Hd.hyS.  (2)     ^39.  7s.  6d.  by  7. 

(3)     £11.  3s.  6d.  by  12.  (4)     ^43.  12s.  8d.  by  11. 

(5)    £6.  2s.  lid.  by  10.  (6)     ^22.  lis.  6d.  by  12 

n.  Divide 

(1)     ^98.  lis.  9d.  by  54.         (2)     ^13.  7s.  9*^.  bv  63. 
(3)     ^29.  14s.  Od.  by  108.       (4)     ^15.  Ss.  by  132. 
(5)    ^3.  9s.  4i(i.  by  45.  (6)     ^43.  12^.  Sd.  by  44. 

m.  Divide 

(1)  ^167.  19s.  2d.  by  145.         (2)  ^40.  8s.  ^d.  by  241. 
(3)  .£453.  lis.  9i(i.  by  365.       (4)  .£40669.  2s.  Id.  by  9652. 
(5)  £93.  Is.  2]td.  by  291.  (6)  £139.  3s.  6d.  by  117. 

149.  One  quantity  is  contained  in  another  of  the 
same  kind  as  often  as  the  measure  of  the  first  is  con- 
tained in  the  measure  of  the  second,  the  same  unit  of 
measurement  being  taken  in  both  cases. 

Ex.  (1).  How  many  times  is  Is.  Id.  contained  in  16s.  Sd.  ? 

Is.  Id.  ==  ISd,;  and  16s.  dd.  =  Wod. 
Now  13  is  contained  15  times  iu  195  ; 

.*.  13c?.  is  contained  15  times  in  195d. 
Ex.  (2).     How  many   times  is  £4:.  3s.  2d.   contained  in 
£87.  6s.  Qd.  ? 

£4:.  3s.  2d.  =  998d.',  and  ^87.  6s.  6d.  =  2095Sd. 
Now  20958-^998  =  21  ; 
.*.  £4:.  3s.  2d.  is  contained  in  £87.  6s.  6d.  21  times. 

Examples-    (Ixx) 

(1)  How  many  times  is  ^6346.  16s.  contained  in  .£34680  ? 

(2)   £5.  lls.4(Z £122.9s.^d.f 

(3)  ^1. 12s.  6d ^68.  5s.? 

(4)  £17.12s.9ici £1393.  8s.  lOf  ? 

(5)  Among  how  many  persons  must  ^641.  14s.   ll^d.  be 
divided,  so  that  the  share  of  each  may  be  £2.  15s.  Q^d.  ? 

(6)  Divide  £17  into  an  equal  number  of  sovereigns,  half- 
sovereigns,  half-crowns,  shillings,  and  sixpences. 
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FIUCTIONAL  MULTIPLICATION  AND 
LI  VIS  J  ON  OF  MONEY. 

150.  Ex.  (1).  Find  the  value  of  f  of  145.  Qd. 
i  of  14s.  %d.  =  -^-^-  =  35.  M. ; 
.-.  f  of  14s.  8d.  =  3x 3-?.  8c/.  =  lis 

It  is  immaterial  whether  we  divide  by  4,  and  then 
iniilti2)ly  the  quotient  by  3,  or  first  multiply  by  3,  and 
then  divide  the  product  by  4,  thus : 

f  of  14s.  8rt.  =   lXl^s.Sd.  ^  4  4J.  ^  ^^^ 
4  4 

Ex.  (2).  Find  the  value  of  f  of  f  of  £43.  4s.  6d. 

10 
TV 
1  0X«4  3  4S.  Gd. 


2  1 

=  10  X  £2.  Is.  2d.  =  £20.  lis.  8d, 
Ex.  (3)  What  is  the  value  of  2f  of  14s.  9d.  ? 
2f  ofl4s.  9cZ.  =  '/  of  177(i. 

^  I7xi77<t  _  3  o|^  _  429f^.  ==  ^1. 15s.  9fd. 

Note. — To  find  the  value  of  f  x  2s.  Od.,  we  extend  the 
meaning  of  the  sign  x  (as  is  explained  in  Art.  71),  and 
replace  it  by  the  word  of. 

Thus  f  X2s.  9d.  =  |  of  2s.  9d.  =  -^  =  Is.  7|c?. 

Ex.  (4).  Divide  45.  2d.  by  f : 

4s.  2(Z.  ^  I  =  4s.  2d.  X  | 

=  f  of  4s.  2d.  =.  8  X  lOd.  =  6s.  Si. 

Ex.  (5).  Divide  £4  3^.  9d.  by  2| : 

^4  3s.  9a5.  -J-  21  =  £4  8s.  9(i.  ~  | 

=  I  of  ^4  3s.  9d.  =  ^^2  ii*-sd.  ^  ^j  jj^^  ^^_ 

Examples.  (Ixxi) 
Find  the  value  of 

(1)  i  of  4s.  9d  (2)  f  of  7s.  2<i. 

(3)  /ff  of  a  guinea.  (4)  f  of  3s.  6d. 

(5)  i  of  f  of  4s.  lOd.  (6)  I  of  f  of  £83  16s.  3d. 

(7)  9^  of  Is.  l^d.  (8)  5i|  of  half  a  crown. 

(9)  2f  of  £5  2s.  6i.  (10)  f  J  of  £99  14«. 


ON    MEASURES. 


129 


(11)  ^60  Is.  Sd.^l  (12)  £2  6s.  9d.  -^1\ 

(13)  £53  15s.  Sd.-^Q^^         (14)  £36  2s.  9rf.  H-  4J 

Note. — If  we  have  to  multiply  a  compound  expression  by 
a  mixed  number,  it  is  not  always  nee  ssary  to  turn  the 
mixed  number  into  an  improper  fraction,  as  we  did  in 
Ex.  (3),  but  we  can  frequently  effect  the  multiplication  more 
neatly  by  multiplying  first  by  the  fractional  part  and  then 
by  the  whole  number,  and  addmg  the  two  results. 

lO  multip 
s.         d. 
427  .  12  .     9 
5| 


855  .5.6  the  result  of  multiplying  the  top  line  by  2. 


285  .     1  .  10 
2138  .3.9 


^62428  .5.7 

Examples-  (ixxii) 
Multiply 

(1)  £245.  13s.  4d.  by  5^.  (2)  £439.  18s.  dd.  by  7^. 

(3)  £4214.  15s.  2d.  by  6f .  (4)  £8629.  12s.  Sd.  by  3f . 

(6)  £7258.  17s.  Qd.  by  2|.  (6)  £4372.  19s.  4d.  by  6f . 

XVI.   On  Measures. 

151.  Measures  of  Time. 

I  second  is  written  1  sec,  or  1^. 
60  seconds  make  1  minute,  written  1  min.,  or  1™. 
60  minutes  make  1  hour,  written  1  hr.,  or  1^. 
24  hours  make  1  day,  written  1  da.,  or  1*^. 
7  days  make  1  week,  written  1  wk. 
In  rough  calculations  a  year  is  taken  to  consist  of  365  clays. 
In  rough  calculations  a  month  is  taken  to  consist  of  30  days. 

A  Lunar  Month,  or  the  time  between  two  new  moons, 
is  rather  more  than  29 ^  days. 

The  12  months  into  which  we  divide  the  year  are 
ciUed  Calendar  Months  ;  they  are  of  variable  length,  for 
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7  of  them  contain  31  days,  4    contain  30  days,  and 
February  has  28  days  (and  in  Leap-year  29). 

The  names  of  the  4  months  which  have  30  days  are 
given  in  the  old  verse : 

Thirty  days  have  September, 
April,  June,  and  November. 

To  find  whether  a  particular  year  is  a  Leap-year,  we 
divide  the  number  of  the  year  by  4  ;  if  no  remainder  be 
left,  the  year  is  Leap-year,  but  to  correct  an  error  in  our 
present  Calendar,  the  centuries  which  are  not  exactly 
divisible  by  400,  as  1900,  2100... are  to  be  taken  as 
common  years,  and  not  as  leap-years. 

Examples-  (ixxiii) 
Reduction. 

(1)  Reduce  6  hr.  17  min.  25  sec.  to  seconds ;  17^.  0™.  43'. 
to  seconds. 

(2)  Reduce  3  yr.  143  d.  16  br.  to  seconds  ;  1  yr.  13  d.  0  hr. 
4  min.  to  minutes. 

(3)  Reduce  48567  min.  to  days  ;  23567  sec.  to  hours. 

(4)  Reduce  742392  sec.  to  days ;  174296  sec.  to  weeks. 

(5)  Find  the  number  of  days,  reckoning  from  noon  of  the 
one  to  noon  of  the  other,  between  the  following  days  in  the 
year  1872  : 

1st  February  and  29th  May  ;  4th  July  and  2nd  December; 
3rd  January  and  15th  October ;  24th  February  and  23rd  June. 
Also  between  25th  December,  1872,  and  25th  May,  1873. 
Addition. 


hr.   min. 

sec. 

da. 

hr.   min. 

wk. 

da. 

hr. 

(6) 

14  .  21 

.  37 

(7)  23  . 

15  .  16 

(8) 

4 

.  3  . 

,  16 

17  .  13 

.  32 

57  . 

12  .  38 

2 

.  5  . 

17 

9  .  47 

.  43 

13  . 

17  .  43 

3 

.  6  . 

9 

12  .  53 

.  54 

24  . 

22  .  7 

10 

.  4  . 

13 

22  .  17 

.  50 

16  . 

5  .  58 

da. 

4 

.  2  . 

,  19 

yr.    da. 

hr. 

hr.   min. 

sec. 

hr. 

min. 

sec. 

(9) 

3  .  137  . 

15  ( 

[10)  14  .  43 

.  13  (11) 

42  . 

14  . 

30  . 

31 

4.  .  243  . 

6 

32  .  36 

.  40 

65  . 

22  . 

19  . 

42 

1  .  56  . 

7 

10  .  12 

.  53 

74  . 

11  . 

42  . 

15 

6  .  135  . 

12 

16  .  38 

.  47 

24  . 

18  . 

58  . 

.  57 

7  .  85  . 

9 

2  .  52 

.  8 

43  . 

3  . 

29  . 

48 
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Subtraction. 

hr.       min.      sec.                          da.          hr.        min.  wk.      da.        hr. 

(12)  7  .  14  .  26   (13)  123  .  16  .  4  (14)  4  .  6  .  18 

4  .  19  .  38        39  .  22  .  17  8  .  6  .  20 


yr.         da.  hr.  yr.        da.  hr.  da.        hr.      min.    aec 

(15)  3  .  147  .  14     (16)  4  .  45  .   16      (17)  14  .    1  .    0  .  18 
2  .  213  .  17  2  .  78  .  19  8  .  15  .  23  .  27 


(18)  Multiply  13  hr.  14  min.  43  sec.  by  35  ; 

17  hrs.  13  min.  39  sec.  by  43. 

(19)  Divide  15  weeks  5  days  17  hours  26  min.  by  49  ; 

14  hrs.  56  min.  41  sec.  by  73. 

152,  Measures  of  Length. 

12  inches  make  1  foot,  usually  written  1  ft., 

3  feet 1  yard,  1yd., 

S^yards 1  pole,    1  po., 

40  poles 1  furlongs  1  fur., 

8  furlongs 1  mile,    1  mi., 

3  miles 1  league, 1  lea. 

Hence  1  furlong  =  220  yards,  and  1  mile  =  1760  yards. 

Cloth  Measures. 
2J  inches  make  1  nail  I      4  quarters  make  1  yard, 

4    nails     1  quarter,    |      5  quarters  1  ell. 

Ex.  (1).     Keduce  3  mi.  5  fur.  17  po.  4  yd.  1  ft.  3  in. 
to  inches. 

mi.  fur.  po,  yd.  fu.  in. 
3. 5.  17. 4. 1.3 
8 

29  fur. 
40 

1177  po. 


588^  the  result  of  dividing  1177  by  2. 
6889'  ^ 


6477^  yd. 
3 


19433i  ft. 
12 

233205  inches. 
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•  Ex.     (2),  Kpduce  47293  yards  to  poles. 

47293  yd.  =  (47293-T-5i)  poles. 
=  (47293-^-^^  r<'lt^s. 
=.  (47293  X^\)  poles. 
We  may  proceed  thus  : 

47293  yards 
2 


11      94586  half-yards, 


8598  poles  and  8  half-yards  over. 
.-.  47293  yd.  ^  8598  po.  4  yd. 

Examples,    (ixxiv) 

Reduction. 

(1)  Eeduce  3  yd.  2  ft.  to  inches  ;  4  mi.  3  fnr.  4  po.  to  feet. 

(2)  Reduce  7  mi.  14  po.  3.^-  yd.  to  inches  ;  27  po.  4^  yd. 
to  inches. 

(3)  Reduce  74325  yd.  to  poles ;  2423694  in.  to  furlongs. 

(4)  Reduce  723964  ft.  to  miles ;  82976432  in.  to  miles. 

Addition, 

yd.     ft.       in.  mi.    fur.    po.                    fur.    po.       yd. 

(5)       4.2.7  (6)     13  .  4  .  20          (7)     "        " 

19  .  1  .     9  43  .  3  .     9 

5  .  2  .  10  56  .  2  .  13 

23  .  2  .     8  4  .  7  .  32 

35  .  1  .     6  16  .  3  .  15 

17  .  2  .     4  19  .  5  .  11 


2 

19 

2 

4  . 

25 

2i 

6 

11 

^ 

5  . 

23  . 

4 

8  . 

0 

H 

1 

21 

1| 

Sidttraction. 

yd.         ft.  In.  mi.        fnr.       po.  fur.  po.  yd, 

(8)     134  .  2  .     7  (9)  235  .  0  .  19  (10)     5  .  23  .  1^ 

59  .  1  .  11  184  .  5  .  24  4  .  27  .  4 


(11)  Multiply  7  yd.  2  ft.  9  in.  by  11"  ;  16  mi.  5'fur.  7  po. 
66. 

(12)  Multiply  32  po.  3  yd.  1  ft.  by  57  ;  86  mi.  3  fur.  6  po. 
81  yd.  by  49. 

(12)  Divide  25  yd.  1  ft.  8  in.  by  4  ;  17  mi.  3  fur.  7  po.  by 
27. 

(14)  Divide  14  po.  2  yd.  1  ft.  8  in.  by  32;  11  mi.  7  fur.  7 
po.  by  55 
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153.  Measubes  of  Surface. 

144  square  inches  make  1  square  foot,  written  1  sq.  ft. 

9  square  feet    1  square  yard, 1  sq.  yd. 

30|  square  yards  1  square  pole,  1  sq.  po. 

40  square  poles 1  rood,  1  ro. 

4  roods  1  acre,  1  ac. 

Hence  1  acre  =  4840  square  yards. 
640  acres  =  1  square  mile. 
Land  surveyors  make   use  of  a  Chain  22  yards  in 
length,  divided  into  100  equal  parts,  called  Links. 

The  square  of  22  is  484,  and  therefore  10  Square 
Chains  make  an  Acre. 

Note. — The  Square  Inch  is  a  square  whose  side  is  an  inch 
in  length. 

Ex.  (1).  How  many  square  inches  are  there  in  3  ac. 
2  ro.  27  po.  27  sq.  yd.  7  sq.  ft.  23  sq.  in.  ? 

ac.     ro.     po.    sq.  yd.  sq.  ft.  sq.  in, 

3  .  2  .  27  .  27  .    7  .    23 
4 

14  ro. 
40 

687  po 
30i 


146^  the  result  of  the  division  of  587  by  4. 
17637 


17783f  sq.  yd. 
9 


160054 

G'l  the  result  of  multiplying  f  by  9. 

1600603  sq.  ft. 
144 


640263 
640240 
160060 

108  the  result  ol  multiplying  |  by  144. 


23048771  sq.  in. 
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Ex.  (2).     Reduce  74237  sq.  yards  to  poles. 

74237  sq.  yd.  =  (74237  -^  30,^)  poles 
=  (74237  -f  ^^^)  poles 
=  (74237  X  ^)  poles. 

We  may  proceed  thus  : 

74237  yards 
4 


11 
121 

11 


296948  quarter-yards 


26995  and  3  quarter-yards  over 
2454  po.  and  1  parcel  of  11  quar'cck  yards  over. 

The  remainder  is  (11  +  3)  quarter-yards,  or  14  qaarier- 
yards,  or  3^  yd. 

.-.71  J7  sq.  yd.  =  2454  po.  3^  aq.  yd. 

Examples-    (ixxv) 
JReduf'tion. 

(1)  Reduce  5  ac.  3  ro.  17  po.  13  sq.  yd.  d  sq.  ft.  16  sq.  in. 

to  square  inches. 

(2)  Reduce  7  ac.  15  po.  5  sq.  yd.  3  «.}.  H.  to  square  inches. 

(3)  Reduce  250  acres  to  square  y;Ards,  and  73  sq.  yd.  to 
square  inches. 

(4)  Reduce  5239  sq.  in.  to  sq.  y»3.,  and  15376  sq.  yd.  to 
acres. 

(5)  Reduce  34729  sq.  yd.  to  pohjs,  and  562934  sq.  in.  to 
square  poles. 


Addition^ 

ac 

ro. 

po. 

eq.yA.   sq.ft.  s^.fcu 

ae. 

ro. 

po.  aq.yd. 

(6)  47 

.  2 

18 

(7) 

19  .  7  .  42 

(8) 

46 

.  2 

16  .  22 

72 

1 

24 

27  .  5  .  52 

17 

3 

14  .  18 

89 

2  . 

32 

32  .  8  .  124 

7 

1 

39  .  14 

4 

2 

23 

5.2.  72 

24 

2  . 

15  .  19 

27 

.  3 

8 

21  .  6  .  98 

12 

0 

17  .  22 

42 

2 

5 

66  .  3  .  135 

4 

1 

9  .  16 
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Subtraction. 


ac.        ro.       po.  s:q.yd.    sq.ft.    sq.  In. 

(9)      57  .  2  .  30       (10)    42  .  8  .  124      (11) 
29  .  3  .  34  36  .  8  .  139 


AC. 

ro. 

po. 

16 

.  2  . 

0 

14 

.  3  , 

,  24 

ac.  ro.       po.  sq.yd.'    sq.ft.     sq.in.  ac.         ro.        po. 

(12)  247  .  1  .  14      (13)     39  .  7  .     12      (14)  245  .  3  .  19 
243  .  3  .  24  32  .  8  .  134  178  .  3  .  23 


(15)  Multiply  5  ac.  3  ro.  24  po.  by  15 ;  17  ac.  2  ro.  13  po. 
by  53. 

(16)  Divide  7  ac.  2  ro.  18  po.  by  21  ;  29  ac.  2  ro.  37  po. 
Oy  71. 

154.  Measures  of  Solidity 

1728  cubic  inches  make  1  cubic  foot,  written  1  cub.  ft. 
27  cubic  feet      make  1  cubic  yard,  written  1  cub.  yd. 

A  Cube  is  a  solid  figure  contained  by  six  equal  squares. 
Plence  a  cubic  inch  is  a  six-sided  figure,  each  of  whose 
sides  is  a  square  inch.  The  lines  that  form  the  bound- 
aries of  the  sides  are  called  the  Edges  oi  the  Cube. 

Examples,  (ixxvi) 

Reduction. 

(1)  Reduce  7  cub.  yd.  13  cub.  ft.  to  cubic  feet ;  25  cub.  yd. 
5  cub.  ft.  143  cub.  in.  to  cubic  inches;  14  cub.  yd.  1374  cub. 
in.  to  cubic  inches. 

(2)  Reduce  74325  cub.  in.  to  cubic  feet ;  439284  cub.  in. 
to  cubic  yards. 

(3)  Reduce  5,^  cub.  yd.  to  cubic  inches  ;  3  cub.  yd.  5^ 
cub.  ft.  to  cubic  inches. 

Addition. 

cub.yd.  cnb.ft.        cub.ln.  ciib.yd.   cub.ft.    cub.iu.  erfn.yd.    cnb.  ft,     cub  In 

(4)  57  .  13  .  572  (5)  43  .  7  .  1638  (6)  528  .  16  .  432 

32  .  25  .  493  26  .  22  .  472  237  .  19  .  683 

46  .  19  .  374  19  .  16  .  1384  764  .  10  .  1359 

76  .  8  .  587  45  .  13  .  427  446  .  0  .  1275 

4  .  26  .  1249  26  .  5  .  1286  729  .  11  .  346 

52  .  14  .  1324  33  .  18  .  275  852  .  5  .  1473 
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Subtraction. 

cnb.vd.  eTl!).ft.     cub.ln.  cub.yd.  cub.ft.      cub.  In.  cnb.  yd.   cnb.ft.  cub4n. 

(7)  47  .  17  .  543    (8)    247  .  19  .  1274   (9)   527  .0.0 
38  .  23  .  726  239  .  18  .  1368  499  .  19  .  256 

(10)  Multiply  26  cub.  yd.  5  cub.  ft.  49  cub.   in.  by  27  ; 
472  cub.  yd.  17  cub.  ft.  238  cub*,  in.  by  53. 

(11)  Divide  78  cub.yd.  13  cub.  ft.  252  cub.  in.  by  12; 
472  cub.  yd.  0  cub.  ft.  1416  cub.  in.  by  59. 

156.  Measures  op  Capacity. 

2  pints  make  1  quart,    written  1  qt., 

4  quarts 1  gallon,    1  gall., 

2  gallons  ....  1  peck,       1  pk., 

4  pecks  1  bushel,   1  bus., 

8  bushels  ...  1  quarter, 1  <li".» 

Examples,    (ixxvii) 
Reduction. 

(1)  Reduce  3  pk.  1  gall.  3  pt.  to  pints,  and  214  qr.  3|  bus. 
to  pints. 

(2)  Reduce  4234  pt.  to  quarters,  and  3047  gall,  to  quarters. 

Addition. 

gall.    qt.    pt.  bus.    pk.    g.ill.  qr.    bus.    pk, 

(3)      4.3.1  (4)     4  .  3  .  1  (5)     42  .  5  .  3 

3  .  2  .  li  5  .  2  .  H  27  .  7  .  2 

12  .  3  .  0  1.3.1  64  .  3  .  1 

14  .  0  .  1^  4.2.]^  49  .  0  .  2 

5.2.1  8.1.0  12.  4.0 


Subtraction, 

gall.    qt.    pt.                      bus.    pk.   gall.  qr.    bus.   pk. 

(6)     5.2.0              (7)     6  .  3  .  0  (8)     36  .  7  .  2 

4.3.1                       6.3.1  29.  7.  3 


(9)  Multiply  5  qr.  3  bus.  2  pk.  by  63,  and  15  qr.  2  bus. 
1  pk.  by  73. 

(10)  D-vide  13  gall.  1  pt.  by  15,  and  348  qr.  0  bus.  1  pk. 
by  43. 

155.  *Troy  Weight. 

24  grains  make  1  pennyweight,  written  1  dwt. 

20  pennyweights  make  1  ounce,  written  1  oz. 

12  ounces  make  1  pound,  written  1  lb. 

Chiefly  used  for  weighing  gold,  silver,  and  jewels. 
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Examples-    (Ixxviii 
Reduction. 

(1)  In  27  ounces  ot  go^l  how  matiy  ^ains  atti  tliere? 

(2)  Reduce  7  lb.;  14  lb.  3  cz.;  25  lb.  9  oz.  5  dwt.  to  pcn- 
ixywfights. 

(3)  Reduce  3  lb.  10  oz.  7  dwt.  5  gr.;  7  lb.  4  oz.   17  dwt. 
15  grains  to  grains. 

(4)  Reduce  3145  gr.  to  ctinces  ;  42672  gr.     >  lb. 

(5)  Reduce  72469  gr.  to  lb. ;  3246  dwt.  to  .o. 


Addition. 

lb. 

(6)  21 

27 

3 
14  , 

7 

oz.    dwt 
.  2  .  12 
.9.4 
.  8  .  17 
.  3  .  19 
.6.8 

(7) 

oz.    dwt.    gr 

7  .  13  .  21 
4  .     6  .  19 
6  .  17  .  23 
2.9.5 

8  .  16  .  13 

(8) 

lb.  02.  dwt.  gr. 
13  .  8  .  6  .  14 
12  .     4  .  17  .     8 

5  .  10  .  13  .  0 
42  .  7  .  16  .  21 
12  .  11  .  19  .  23 

Subtraction. 

oz.    dwt.     gr.  lb.       oz.     dwt.  lb.       oz.      dwt.     gr. 

(9)  6  .  19  .  13    (10)  37  .     8  .     6     (11)  35  .     9  .     8  .  22 

3  .  14  .  16  29  .  10  .  13  34  .  11  .  15  .  23 


(12)  Multiply  7  lb.  5  oz.  9  dwt.  by  12 ;  6  lb.  8  oz:  19  dwt. 
by  21. 

(13;  Multiply  10  oz.  16  dwt.  23  gr.  by  37 ;  3  lb.  7  oz.  10 
dwt.  21  gr.  by  41. 

(14;  Divide  16  lb.  4  oz.  16  dwt.  by  8  ;  7  lb.  10  oz.  17  dwt. 
7  gr.  by  15. 

(15)  Divide  9  oz.  17  dwt.  8  gr.  by  37  ;  15  lb.  8  oz.  9  dwt. 
12  gr.  by  63. 

157.  Avoirdupois  Weight 

.6  drachms  make  I  ounce,  written  1  oz. 

16  ounces  1  pound,  lib. 

14  pounds  1  stone,  1  st. 

25  pounds  1  quarter,  1  qr. 

4  quarters  1  hundredweight  or  cental  ....  1  cwt. 

20  hundredweight 1  ton. 

The  pound  Avoirdupois  contains  7000  grains  Troy. 
The  pound  Troy  contains  5760  grains  Troy. 

Note. — In  Great  Britain  28  pounds  make  1  quarter. 
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Examples-  (Ixxix) 
Reduction. 

{1)  xleduce  11  cwt.  to  oz. ;  17  lb.  to  dr.  ;  5  tons  to  lb. 

(2)  Keduce  6  tons  7  cwt.  to  oz.  ;  15  tons  2  qr.  to  lb, 

(3)  Reduce  3  cwt.  6}b.  5  oz.  to  dr.  ;  3  tons  15  cwt.  71b,  to  lb. 

(4)  Reduce  4763  oz.  to  cwt. ;  3749  lb.  to  tons, 

(5)  Reduce  7432  oz.  to  cwt. ;  247294  dr.  to  cwt. 

Addition. 


lb.   oz.   dr. 

(6)   3.3.9 

19  .  8  .  6 

7  .  10  .  13 
14  .  5  .  7 

8  .  15  .  14 

qr.   lb.   oz. 
(7)   3  .  16  .  8 

4  .  7  .  12 
16  .  19  .  5 

8  .  20  .  13 
12  .  6  .  9 

(11) 

cwt. 
13  . 
11  . 
>.9  . 

16  . 

17  . 

qr.   lb. 

2  .  24 

3  .  5 

1  .  -'9 

2  .  9 
0  .  7 

lb.   oz.   dr. 

(9)  16  .  13  .  5 

14  .  11  .  12 

Subtraction. 

qr.   lb.   oz. 

(10)  17  .  13  .  3 
14  .  15  .  11 

cwt. 
19 
17 

qr.   lb. 
.1.4 
.  3  .  18 

tons.    cwt.    qr.  cwt.    qr.       lb.  tons.   cwt.    qr.      lb. 

(12)    37  .  19  .  2     (13)   16  .  0  .     3    (14)  74  .  15  .  1  .  13 

29  .  19  .  3  15  .  3  .  25  39  .  16  .  3  .  25 

(15)  Multiply  17  cwt.  23  lb.  14  oz.  by  7;  4  cwt.  17  lb. 
by  45. 

(16)  Multiply  6  cwt.  3  qr.  5  lb.  by  23;  10  oz.  9  dr.  by  37. 

(17)  Divide  i4  cwt.  2  qr.  8  lb.  by  12  ;  32  tons  15  cwt. 
1  qr.  by  40. 

(18)  Divide  16  cwt.  3  qr.  9  lb.  by  65  ;  37  tons  4  cwt. 
3  qr.  7  lb.  by  17. 

158.  Apothecaries'    Weight. 

1.  Measures  of  Weight. 
437^  grains  make  1  ounce, 
16  ounces  make  1  pound. 
The  grain  is  the  same  as  the  grain  Troy 
The  ounce  is  the  same  as  the  ounce  Avoirdupois. 
This  is  the  table  given  in  the  British  PharmacopODia, 
The  Avoii'dupoib  ounce  and  pound  are  taken,  in  prefer- 
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ence  to  the  ounce  and  pound  Troy  of  the  old  table,  be- 
cause the  former  are  used  by  wholesale  dealers  in  drugs 
and  medicines.  In  prescribing,  many  physicians  still 
employ  the  scruple  3,  of  20  t>rains,  and  the  diachm  3, 
of  60  grains. 

159.  2.  Measures  of  Capacity 

"60  Minims  make  1  fluid  drachm,  written  fl.  dr., 

8  Fluid  Drachms  1  fluid  ounce,  fl.  oz. 

20  Fluid  Ounces  1  pint,  O, 

8  Pints  1  gallon,  C. 

Note. — 0  is  a  contraction  ibr  Octavus,  or  eighth,  and  C  for 
Congius,  a  Eoman  liquid  measure. 

The  relation  of  the  measures  of  capacity  to  those  of 
weight  in  these  tables  is  given  by  the  definition 

that  1  Minim  is  the  measure  of  '91  Grain  of  Water. 
The  connection  may  be  better  remembered  by  the  old 
rhyme 

A  Pint  of  Water 

Weighs  a  Pound  and  a  Quarter. 

160.  T Tultiplication  of  Compound   Quantities  whon 
tha  multipher  contains  a  fraction.     (See  page  123.) 

Examples-  (ixxx.) 
Multiply 

'1)3  cwt.  2  qr.  12  lb.  by  3|      (2)  6  lb.  5  oz.  4  dr.  by  2j 
'3)  4  mi.  3  fur.  10  po.  by  18^    (4)  15  yd.  2  ft.  3  in.  by  43, 
5)  37  ac.  3  ro.  8  po.  by  4x*2      (6)  25  ac.  2  ro.  15  po.  by  292 

(7)  27  sq.  yd.  7  sq.  ft.  36  sq.  in.  by  2| 

161.  Division  of  Compound    Quantities    when    the 
divisor  contains  a  fraction.     (See  page  128.) 

Examples-  (Ixxxi) 
Divide 

1 1)  5  cwt.  2  qr.  11  lb.  by  2^       (2)  7  lb.  4  oz.  14  dr.  by  Hi 
(3)  7  mi.  2  fur.  12  po.  by  4.*,     (4)  17  yd.  1  ft.  3  in.  by  6^ 
1,5)  25  ac.  2  ro.  12  po.  by  4^       (6)  14  ac.  3  ro.  8  po.  by  82 
(7)  107  sq.  yd.  4  sq.  ft.  132  sq.  in.  by  18|  ^        ^     » 
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162.       XVII.  Fractional  Measures. 

Ex.  (1).  How  many  shillings  and  pence  are  there  in 
I  of  a  pound  ? 

I  of  a  pound  =  f  of  20  shiUings. 
=  ^IP  shillings. 

=  12s.  Qd. 
Ex.  (2).  Find  the  value  of  f  of  £15.  5s.  8d. 
f  of  ^1^.  P.-  Sd.  =  3  times  k  of  £15.  5s.  8c?. 
=  3  umes  £2.  3s   8d. 
=  £6.  lis. 
Or  thus : 

15  .    5.8 
3 


7   45  .  17  .0 


£6  .  11  .  0 

Ex.  (3j.  Find  the  value  of  2 1  of  ^-  of  5  acres. 
2j  of  ^\-  of  5  acres  =  ^  of  ^\  of  5  acres. 
=  ^--^^-  of  5  acres. 


4X2 
)f5 

ac. 


=1  of  5  ac. 


1  5 

—  ¥ 

=  1  ac.  3  ro.  20  po. 

Examples.     (Ixxxii) 

Find  the  value  of  the  following  : 

(1)  I  of  £1 ;  t  of  £2.  10s. ;  ?  of  £5.  18s.  5d, 

(2)  S  of  a  mile  ;  j%  of  an  acre  ;  |  of  a  cwt. 

(3)  2|  of  £54.  9s.  Sd.  ;  Sj\  of  half-a-guinea ;  |  of  3f  of  a 
mile. 

(4)  i  of  j   of  lA   of  11  of   2470  guineas;  f  of  i  of  4^ 
guineas. 

(5)  I  of  £1  +  I  of  Is.  +  i  of  IGs.  4d. 

(6)  5\  of  £1  4-  f  of  2s.  Gd.  +  =J  of  a  guinec . 

(7)  I  of  5  ac.  3  ro.  +  |  oi  7  ac.  2  ro.  20  po.  +  i  of  3  ro   15 
po. 

(8)  /a  of  a  year  +  ,%  of  a  week  +  -,\  of  an  hour 

(9)  i»g  of  a  mile  +  |  of  a  furlong 
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(10)  f  of  2  cwt.  3  qr.  +  ?  of  5  cwt.  3  qr.  14  lb.  +  I  of  7^  lb. 
163.  The  following   are  examples   of  an   operation 
wliich  is  the  corwerse  of  that  just  explained. 
Ex.  (1).  Express  .I4s.  7d.  as  the  fraction  of  M. 
14s.  Id.  =  n6d.,  and  £5  --  120Ud. 
Nowld.=T5^na  oiV200d.; 
.'.  175d.  is  tVo*o  of  1200d, 
Hence  the  fraction  required  is  iWo.  or  ^^%,  or  ^f^. 
Ex.  (2).  Express  6  lb.  5  oz.  avoird.  as  the  fraction  of  3  lb. 
12  oz. 

6  lb.  5  oz.  =  101  oz.,  and  3  lb.  12  oz.  =  60  oz.; 

.*.  the  fraction  required  is  -i^J-. 
Ex.  (3).  Express  |  of  5s.  9d.  as  the  fraction  of  4s.  Id. 
5s.  9d.  =  69d.,  and  4s.  Id.  =  55d. 

,'.  5s.  9.  is  12  of  4s.  Id. 

.-.  t  of  5s.  9d.  is  t  of  «^  of  4s.  7d. 

.'.  the  fraction  required  is  ^^^^  or  ||. 

3X56 

Ex.  (4).  Express  |  of  2|  of  5  ac.  3  ro.  as  the  fraction  of  | 
of  14  ac.  2  ro. 

6  ac.  3  ro.  =  23  rods,  and  14  ac.  4  ro.  =  58  roods  ; 
*.  fraction  required  is  (|  of  i^  of  23)-i-(|  of  68); 

or  ?AL*_X.23X  5     ^^  2X23    ^^   2  3. 
7X5X3X58  58  2^ 

Note. — There  are  several  modes  of  demanding  the 
operation  explained  in  the  foregoing  examples.  Thus 
the  demand 

Express  3  shillings  as  the  fraction  of  6  shillings,  mp.y 
be  put  in  the  following  terms  : 

(1)  Eeduce  3  shillings  to  the  fraction  of  6  shillings : 

(2)  What  part  of  6  shillings  is  3  shillings  ? 

(3)  What  fraction  of  6  shillings  is  3  shillings  ? 

(4)  If  6  shiUings  be  the  unit,  what  is  the  measure  of  3 
shillings  ? 

Examples  Gx^'^hi) 

(1)  Express  Ifi.  as  the  fraction  of  Qs.  d>\d. 

(2)  Express  ^10.  5.'.  U.  as  the  fraction  of  ^11.  6s.  5d. 

(3)  Express  5s.  Qd.  as  the  fraction  of  a  guinea, 

(4)  Eeduce  9s.  lO^d.  to  the  fr9,ction  of  13s.  2.irf. 

(5)  Reduce  2  days  3  hrs.  5  min.  to  the  fraction  of  a  week. 
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(6)  Recluce  2  roods  20  poles  to  the  fraction  of  an  acre. 

(7)  What  fraction  is  8  lb.   1  oz.   19  dwfc.  9  gr.    of  13  lb 
7  oz.  5  dwt.  15  gr.  ? 

(8)  What  part  of  2  qr.  10  lb.  7  oz.   9  dr.  is  1   qr.  7  oz. 
13  dr.  ? 

(9)  What  fraction  of  4  lb.  1  oz.  8  dwt.  15  gr.  is  1  lb.  1  oz. 
9  dwt.  15  grains,  ? 

(10)  If  the  unit  of  measurement  be  2^  yd.,  what  is  the 
measure  of  2|  ft.  ? 

(11)  If  the  unit  of  measurement  be  5  inches,  what  is  the 
measure  of  -^^  of  a  mile.  ? 

(12)  What  fraction  of  2  ac.  37  po.  is  3  ac.  2  ro.  1  po.  ? 

XVIII.  Decimal  Measures. 

164.  Reduction  of  Decimals. 

Ex.  (1).  How  many  shillings  and  pence  are  there  in 
•375  of  a  pound  ? 

•875  of  ^1 =(-375  X  20)s. 
=  7'5s. 
and-5ofls.  =  (-5xl2)ci. 

=  Gd. 
.-.  -375  of  £1  =  7s.  Qd. 

The  operation  is  performed  more  briefly  thus  : 
£ 

•375 
20 

8.  7-500 
12 


d.  6-000 
Ex.  (2).  Find  the  value  of  3-16875  of  £1, 
£3-16875 
20 


t.  8-37500 
12 

d.  4-50000 
4 


q.  2-00000 
£8-16876  =  £3.  3s.  4^ 
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Ex.  (3).  Find  the  value  of  -4256  of  125.  Sd. 
•4256  of  12s.  Sd.  =  '4256  of  152d.  =  (-4256  X  152)d, 
•4256 
152 

8512 
21280 
4256 
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64  6912 
.-.  Value  required  is  64-6912d. 

Ex.  (4).  Multiply  27  ac.  3  ro.  14  po.  by  -235. 

ac. 

27 

4 


ro.     po. 
3  .  14 


111  ro. 
40 


4454  po. 
•235 


22270 
13362 

8908 


40  1046-690 


26  .  6-69  po. 


ac.  6  .  2  ro.  6-69  po. 

Ex.  (6).  Find  the  value  of  -25  of  £1 

•25  of  £1  -=  *t^  of  ^1  =  f  §  of  ^1  = 

Or  thus : 


s.  =  5s.  Ud, 


^•2555  . 
20 

«.  5-llli  , 
12 


d.  1-3333 
Value  required  is  5s.  l\d. 
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Examples-    (ixxxiv) 


Find  the  value  of 


(1) 

•625  of  ^1. 

(2)    ^15-275. 

(3) 

je-009705. 

(4)     ^9375  of  a  cwt. 

(5; 

•046875  of  1  lb.  avoir. 

(6)     2-003125  of  £8. 

(7) 

•425  of  3s.  U. 

(8)     2-46875  of  ^1  3s. 

(9) 

•83  of  5s. 

(10)     4-13  of  12s.  Sd. 

(11) 

•35  of  2qr.  14  lb. 

(12)     2-125  of  3i  guineas. 

(13) 

2-1372  of  2  tons  5  cwt. 

(14)     5-247  of  ^5.  2s.  6^. 

(15) 

•45  of  ^3.  10s.+^75  of  4s.  8d+3-245  of  3s.  id. 

(16) 

•7ofiJl  +  -8of7s.  6d.- 

-2-45  of  Is.  8d. 

(17) 

•285714  of  ^3.  3s.+-i42857  of  ^3.  17s.+-34  of  16s.  6a 

165.  The  following  examples  illustrate  the  operation, 
which  is  the  converse  of  that  already  explained. 

Ex.  (1).  Express  5s.  6d.  as  the  decimal  of  ^1. 
5s,  6d.  =  66^.,  and  £1  =  240d.; 
.•.5s.  6(i.=^^of£l. 
Now  ij«T'tJ-H=-275; 

.•.5s.  6d.  =  -275of  jei. 
Or,  more  briefly,  thus  : 

12     6-0    d. 

20 


5^5 


•275  £. 


Where  we  first  express  6d.  as  the  decimal  of  a  sliilling, 
i.  e.  -5,  and  then  express  5  5s.  as  the  decimal  of  a  pound,  i.  e. 
•275. 


Ex.  (2).  Exnress  £7.  15s.  lO^d.  as  the  decimal  of  £1. 

2^0 


4 
12 

20 


10-5 


15-875 
£     7-79375 
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Ex.  (3).     Express    £3.    5s.    \)d.    as   the  decimal  of 

£5.  76-.  (it/.  ^ 

3.5.9  5.7.6 

20  20 

65  107 

12  12 

789  1290 

■Mow  789     2fi3_   263  .nil 

iNOW  1290  —  430—4^=      ""•^^ 

.-.  £'6.  5s.  GcZ.is  '611  of  ^5.  7^'.  6d. 

Ex.  (4)  Express  f  of  56-.  9]'/.  as  the  decimal  of  | 
of  G.V.  2d. 

5s  9^d.  =  277g. ;  and  0^-.  'M.  =  296^. 


.-.  f  of  5s.  9ld.  is  ■'  ^  ""  of  I  of  6s.  2d. 
i  X  296 

Now       ^A.^^'^    —    22i2^7j<5   _1385    _    j.qoq 
i^    X    296    ~   3X3X296   -1333    "    "^  "^^• 


Examples-  (Ixxxv) 

(1)  Express  6  cwfc.  2  qr.  7  lb.  as  the  decimal  of  a  ton. 

(2)  Express  12  grains  as  the  decimal  of  a  lb.  troy. 
('3)  What  decimal  of  10  ojuiaeas  is  ^1.  19s.  4.^^.  ? 

(4)  Express  |  of  14s.  4d.  as  the  decimal  of  £1. 

(5)  Reduce  3*45  of  half  a  guinea  to  the  decimal  of  2s.  6c?. 

(6)  Express  |  of  2  qr.  14  lb.  as  the  decimal  of  a  cwt. 

(7)  Express  4|  of  7  oz.  4  dwt.  as  the  decimal  of  a  pound 
troy. 

(8)  Reduce  3|  of  1^  of  5  cwt.  2  qr.  21  lb.  to  the  decimal 
of  a  ton. 

(9)  What  decimal  of  a  pound  troy  is  f  of  a  dwt.  ? 

(10)  Reduce  3-|  guineas  to  the  decimal  of  £'2,  15s. 

(11)  Reduce  2s.  6c?.  to  the  decimal  of  ^  of  ^1. 

(12)  Express  18s.  4^c?.  as  the  decimal  of  £1000. 

(13)  Reduce  £24-25  +  3.4125s.  +  9-25d.   to   the   decimal 
of  £10. 

(14)  Express  -43  of  8s.  3d.  as  the  decimal  of  -oi  of  £9. 

(15)  Express  -04'  of  £2.  5s.  +  -23  of  3s.  9d.  as  the  decimal 
of  -245  of  £4.  3.  dd. 
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EXAMINATION  PAPERS. 
I.     Measures  of  Time. 

(1)  A  sidereal  day  is  less  than  a  solar  day  by  3  minutes  56 
seconds  ;  in  how  many  days  will  the  difference  amount  to 
24  hours  ? 

(2)  If  Sirius,  one  of  the  brightest  of  the  fixed  stars,  which 
is  probably  592200  times  farther  from  the  earth  than  the 
sun,  were  suddenly  extinguished,  for  how  long  would  it 
appear  to  shine  to  the  inhabitants  of  the  earth,  supposing 
the  sun's  mean  distance  from  the  earth  to  be  91713000 
miles,  and  that  light  from  the  sun  reaches  the  earth  in  8  min. 
18  sec.  ? 

(3)  The  exact  length  of  the  year  being  365  days  5  hr848 
min.  49'7  sec,  and  computing  time  as  at  present,  find  the 
error  in  12000  years. 

(4)  The  Olobe  newspaper  of  Monday,  18th  June,  1877, 
bears  the  number  8505.  Supposing  the  paper  to  have  been 
published  every  week  day  without  intermission,  and  num- 
bered consecutively,  give  the  day  of  the  week,  month,  and 
year,  when  No.  1  was  published. 

(5)  There  was  a  full  moon  on  June  26,  1858,  at  9  hrs.  13 
min.  a.m.  The  interval  between  successive  full  moons  has 
since  been  on  the  average  29  days  12  hrs.  47  min.  30  sec. ; 
how  many  full  moons  happened  until  December  31,  1873, 
and  when  did  the  last  take  place  within  that  period  ? 

II.     Measures  of  Length, 

(1)  Eeduce  9  mi.  7  fur.  39  per.  5  yds  1  ft.  9  in  to  inches, 
and  show  that  the  work  is  correct  by  changing  it  to  miles, 

(2)  The  fore  wheel  of  a  carriage,  which  is  11  ft.  in  circum- 
ference, makes  718  revolutions  more  than  the  hind  one  in 
going  7  miles  ;  find  the  circumference  of  the  hind  wheel. 

(3)  A  train,  which  travels  at  the  uniform  rate  of  66  ft.  a 
second,  leaves  Toronto  for  Montreal  at  6.25  a.m.  ;  when  will 
it  reach  Montreal,  the  distance  being  333  miles  ?  At  what 
distance  from  Montreal  will  ii  meet  a  train  which  leaves 
Montreal  for  Toronto  at  8  a.m.,  and  travels  one  third  faster 
than  it  does  ? 

(4)  From  Ephesus  to  Cunaxa,  Xenophon  with  the  army  of 
Cyrus  marched  16050  stadia  of  202  yards  9  inches  each  in  93 
days.  Find  the  average  length  of  a  day's  march  in  miles 
and  yards. 
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(5)  How  many  strokes  of  his  legs  must  a  person  on  a 
bicycle  give  in  going  26  miles,  supposing  each  wheel  to  have 
a  circumference  of  3^  yards,  and  that  2  strokes  turn  the 
wheel  once  round.  ? 

m.     Measures  of  Surface. 

(1)  If  the  magnitude  of  the  lineal  unit  be  given,  what  are 
the  corresponding  units  of  area  and  volume  ?  Exemplify, 
wlien  the  lineal  unit  is  12  inches. 

(2)  If  a  halfpenny  piece  be  one  inch  in  diameter  how 
many  can  be  laid  in  rows  touching  each  other  on  a  table 
which  is  7  feet  6  inches  long  and  3  feet  4  inches  wide  ;  and 
what  is  their  amount  ? 

(3)  Divide  17ac.  2r.  38per.  19yds.  7ft.  45in.  among  A,  B, 
and  C,  giving  to  B  as  much  again  as  to  A  and  to  C  f  of  what 
A  and  B  got. 

(4)  If  68  bales  of  linen  contain  67048  yards,  and  each  bale 
contains  34  pieces,  and  each  piece  the  same  number  of  yardg 
how  many  yards  are  there  in  each  piece? 

(5)  If  the  pressure  of  the  atmosphere  at  the  surface  of  the 
earth,  when  the  barometer  stands  at  30  inches,  be  15  lbs.  on 
the  square  inch,  what  is  the  pressure  in  pounds  on  the 
surface  of  the  human  body,  supposing  it  to  be  15  square 
feet?  What  would  be  the  difference  of  the  pressure  when 
the  barometer  stands  at  29  inches? 

lY.     Measures  of  Capacity. 

(1)  What  will  2  bushels  3  pecks  3  quarts  of  strawberries 
amount  to  at  12^  cents  per  quart  ? 

(2)  A  laborer  dug  130  rods  4  yards  2^  feet  of  ditching  at 
^2i  per  rod,  for  which  he  is  to  take  $100  in  cash,  and  wheat 
at  87^  cents  per  bushel.  To  what  quantity  of  wheat  will  he 
be  entitled  ? 

(3)  A  grocer  exchanged  29  gal.  3  qt.  1  pt.  of  brandy,  at 
43^  cents  per  gallon,  for  rye  at  31}-  cents  per  bushel.  What 
quantity  of  rye  did  he  thus  attain  ? 

(4)  I  wish  to  put  111  bu.  2  pk.  4  qt.  of  grain  into  bags 
that  shall  contain  2  bu.  1  pk.  4  qt.  each ;  how  many  bags 
will  be  required  ? 

(5)  A  farmer  had  a  field  of  corn,  consisting  of  129  rows, 
and  each  row  contained  95  hills,  and  each  hill  had  on  an 
average  4^  ears  of  corn  ;  if  it  takes  8  ears  of  corn  to  make  a 
quart,  what  is  the  produce  of  the  field  worth  at  45  cents  per 
bushel  ? 
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V.     Measures  of  Weight. 


(1)  If  John  buy,  by  Avoirdupois  weight,  12  lb.  of  opium 
at  37i  cents,  per  ounce,  and  sell  by  Troy  weii,^ht  at  40  conts 
per  ounce,  should  he  gain  or  lose  by  so  doing,  and  hoM 
much.  ? 

(2)  A  person  purchases  goods  at  the  rate  of  $1.80  per 
pound  Troy  weight,  and  sells  them  again  by  Avoirdupois 
weight  ;  at  what  rate  must  he  sell  per  ounce  so  as  exactly  to 
reimburse  himself.  ? 

(3)  By  multiplying  a  certain  weight  by  a  whole  number 
the  result  is  8  lbs.  20  grains  Avoirdupois  weight,  and  l.y 
multiplying  the  same  weight  by  another  whole  number  the 
result  is  8  lbs.  11  oz.  16  dwts.  16  grs.     Find  the  weight. 

(4)  A  row  of  cent-pieces  is  laid  from  Toronto  to  Hamilton. 
Find  their  weight,  the  distance  being  39  miles  1  fur.  1  per. 
and  9  in. 

(5)  Find  the  value  of  500  times  the  difference  between  an 
eighty-fourth  part  of  2^  cwt.  and  a  thirtieth,  part  of  1  cwt. 
0  qr.  3  lb.  (28  lbs.  to  the  quarter.) 

XIX.    Practice. 

166.  Practice  is  the  name  given  to  a  method  by 
which  we  find  the  cost  of  any  number  of  articles  of  the 
same  kind  when  the  price  of  one  is  given,  or  the  cost  of 
any  quantity  of  goods  oiinixed  denominations,  when  the 
cost  of  a  single  unit  of  any  denomination  is  given. 

I.     Simple  Practice. 

When  the  articles  are  of  the  same  kind  or  denomi- 
nation. 

Ex.  (1).  Suppose  I  have  to  find  the  cost  of  2478 
articles  at  ^s.  4rf.  each. 

Knowing  that  8s.  46?.  is  one-sixth  part  of  £1, 1  reason, 
thus  :  if  the  articles  had  cost  £1  each,  the  total  cost 
would  have  been  £2478  ; 
.-.  as  they  cost  ^  of  £1  each,  the  cost  will  be  £^y  ^-,  or  £413 

The  process  may  bt  written  thus  : 
35.  U.'iB^  of  £1|£2478  =  cost  of  the  articles  at  £1  each. 

£413  =  cost  of  the  articles  at  3«.  4d.  each. 
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Ex.  (2).  Find  the  cost  of  2897  articles  at  £2.  12s.  9c?. 
each. 

£        s.      d. 


je2  is  2  X  £1 

10s.  is  I  of  ^1 
2s.  is  ^  of  10s. 
8d.  is  ^  of  2s. 
Id.  is  i  of  Sd. 


2897  .     0.0  —  cost  £1  each. 


5794  .  00  .  0  = £2.... 

1448  .  10  .  0  = 10s.    . 

289  .  14  .  0  = 2s 

96  .  11  .  4=  Sd 

12  .     1.5  = Id 


£7640  .  16  .  9  =  costat£2.12s.9c«.  each 
Note. — A  shorter  method  would  be  to  take  the  parts 
thus : 

10s.  =  i  of  £1 ;  2s.  Gd.  =  i  of  10s. ;  dd.  =  ^^  of  2s.  Gc'. 
Ex.  (3).  Find  the  cost  of  425  articles  at  £2.  18s.  id, 
each. 

Since  £2.  18s.  id.  is  the  difference  between  £3  and 
Is.  8c?.  (which  is  ^\^  of  £1),  the  shortest  course  is  to  find 
the  cost  at  £3  each,  and  to  subtract  from  it  the  cost  at 
Is.  &d.  each,  thus  : 

£        8.     d. 
£3  is  3X£1  425  .     0.0  =  cost  at  £1  each. 


Is.  Sd.  is  ^\  of  £1    1275  .     0.0= £3 

35  .     8  .  4=    Is.  Sd.  each. 


£1239  .11.8=  cost  at  £2  18s.  id.  each. 
Ex.  (4).  A  bankrupt  pays  6s.  l^d.  in  the  pound  : 
what  is  the  dividend  on  a  debt  of  £362.  15s.  ? 
£        s.     d. 


6s.  is  i  of  £1 

Is.  is  \  of  5s. 

6d.  is  ^  of  Is. 

l^d.is|of6d. 


362  .  15  .  0       =  amount  of  debt. 


90  .  13  .  9         =  amount  at  5s.  in  the  £. 
18  .     2  .  9         =:  Is 

9  .     1.4-5      = (Sd 

2.5.  4  125=- lU 


£120  .     3  .  2-625  =  amount  at  6??.  l\d.  in  £. 

Note.— Shorter  thus  :  4s.  =  ^  of  £1;  2s.  6rf.  =  I  of  £1  ; 
11(1.  =  ^  of  2s.  Qd. 

Ex.  (5).  Find  the  cost  of  784i  articles  at  £2.  12s.  lOci. 
each. 
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The  cost  at  £1  oacb  is  £784.  10s. 

784  .   10  .  0  =  cost  at  £1  each 

2 


10s.  is  J  of  ^ei 
2s.  is  >  of  10s. 
10c?.  is  r*2  of  10s. 


1560  .     0  .  0= £2  each. 

392  .     5  .  0= 10s 

78  .     9  .   0= 2s 

32  .  13  .  9  = lOd 


£2072  .     7  .  9  =  cost  at  £2.  12s.  lOd.  each. 
167.  The  fractions  of  a  Uiiit,  which  have  for  their 
numerator  Unity,  are  called  Aliquot  Parts  of  the  unit. 
Thus  55.,  being  \  of  £1,  is  an  aliquot  part  of  a  pound  ; 
and  5  lb.  being  )  of  1  qr.,  is  an  aliquot  part  of  a  quarter. 
Examples-  (Ixxxvi) 
Find  the  cost  of  the  following  articles  : 
(1)     4321    at  £1.  17s.  ^d.       (2)     2175  at  £2.  15s.  4ld. 
(3)     3768^  at  £1.  7s.  4^  I  4)     4276  at  £12.  lis.  5ld. 

(5)     6783    at  £14.  9s.  V^d.       (6)     3689f  at  £16.  12a-.  9d. 

(7)  7483    at  £22.  13s.  2|(^. 

(8)  What  is  the  dividend  on  £4234.  10s.  at  5s.  6^.  in  the  £? 

(9)  What  is  the  dividend  on  £4975  at  3s.  4.id.  in  tho  £? 
(10)     What  is  the  dividend  on  £3729.  18s.  Gd.  at  7s.  9 Id.  in 

the£? 

II.     Compound  Practice. 

Ex.  (1).     When  we  have  to  find  the  cost  of  a  quantity 

of  goods  of  mixal  denomination  (as  14  cwt.  3  qr.  17  lb.), 

the  cost  of  a  single  unit  of  one  of  the  denominations  being 

given  (as  £3.  7s.  Gd.  per  cwt.  of  112  lbs.)  we  proceed  thus : 

S.      s.      d. 


14  cwt.  is  14  X  1  cwt. 


2  qr.  is  ^  of  1  cwt. 

1  qr.is  ^of2  qr. 
14  lb.  is  I  of  1  qr. 

2  lb.  is  I  of  14  lb. 
lib.  is  i  of  2  lb. 


3 


cost  of  1  cw* 


6  .  15  .     0 

7 


5 
13 
16 

8 

1 


0    :=  cost  of  14  cwt. 

9     =  2qr. 

lOi  =  1  qr. 

5^  = 14  1b. 

2\l=  2  1b. 

71^=  lib. 


£50  .  6  .  10ff=  cost  of  14cwt.3qr.171b. 
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ItA 


Ex.  2.     What  is  the  rent  of  12  ac.  8  ro.  26  po.  r 
£3.  5s.  an  acre  ? 

£.      s.       d 

=  the  rent  of  1  acre. 


12  ac.  is  12  X  1  ac. 

2  ro.  is  ^  of  1  ac. 
1  ro.  is  I  of  2  ro. 
20  po.  is  I  of  1  ro. 
5  po.  is  \  of  20  po. 
1  po.  is  ^  of  5  po. 


£. 

s. 

d 

3  . 

5  . 

0 

39. 

0. 

0 

1  . 

12. 

6 

16. 

3 

8. 

1-5 

2. 

0-375. 
4-875 

12  ac. 

2ro. 
1  ro. 
20  po. 
5  po. 
1  po. 


£41  .  19  .     3-75  =therentofl2a.3r.2Gp. 

Note. — When  the  divisor  is  any  numher  less  tliaii  12 
(except  7)  it  is  desirable  to  employ  decimals,  instead  of 
vulgar  fractions,  to  express  the  result  of  the  division 
after  the  line  of  pence. 

Examples-    (Ixxxvii) 

(1)  5  ao.  3ro.  4  po.  4^  yd.  at  £10  per  rood. 

(2)  12  cwt.  3  qr.  22  lb.  12  oz.  at  £3.  18s.  2d.  per  cwfc. 

(3)  10  ac.  3  ro.  26  po.  at  £2.  18s.  lOfrf.  per  acre. 

(4)  6  tons  12  cwt.  3  qr.  lO^lb.  at  £3.  14s.  S^d.  per  cwt. 

(5)  63  cwt.  3  qr.  17^  lb.  at  12  guineas  per  cwt. 

(6)  29  ac.  3  ro.  5  po.  at  100  guineas  per  acre. 

(7)  16  oz.  6  dwt.  20  gr.  at  £3.  17s.  6d.  per  oz. 

(8)  25  ac.  1  ro.  10  po.  at  £42.  2s.  4d.  per  acre. 

(9)  13.  cwt.  3  qr.  17  lb.  at  £22  8s.  per  cwt. 
(10)  319  cwt.  3  qr.  16  lb.  at  £2.  12s.  6d.  per  cwt. 

Invoices  and  Accounts. 

168.  An  Invoice  is  a  statement  in  detail,  sent  by  a 
Seller  to  the  Buyer  at  the  time  the  goods  are  deUvcred 
to  the  Buyer,  of  the  quantity,  description,  and  price  of 
the  goods. 

An  Account  is  a  statement  sent  by  the  Seller  to  the 
Buyer  at  the  end  of  a  term  of  credit,  shewing  the  totals 
and  dates  of  each  Invoice  and  the  sum  total  of  the 
whole. 
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Each  separate  article  or  amount  iu  an  Invoice  or  an 
Account  is  called  an  Item. 

A  Detailed  Account  is  a  full  statement,  sent  by  the 
Seller  to  the  Buyer  at  the  end  of  a  term  of  credit,  shew- 
ing the  dates  of  delivery,  the  quantities,  description, 
prices,  and  sum  total  of  the  goods  delivered  by  the  Seller 
to  the  Buyer  during  that  term  of  credit. 

When  an  account  has  been  made  out  it  is  render ed^ 
i.e.,  sent  in  to  the  Buyer. 

Specimen  of  an  Invoice, 

Toronto,  June  20,  1877. 
John  Smith,  Esq., 

Bought  of  J.  Jones  &  Co.,  21  Front-st. 


6  lbs.  of  Tea at  75  cts. 

8  lbs.  of  Loaf  Sugar. ..at  12.\  cts. 
2|  lbs.  of  Butter at  30  cts. 


Specimen  of  an  Account. 

Toronto,  July  21,  1877. 


John  Smith,  Esq., 


To  J.  Jones  &  Co.,  21  Front-st. 


1877 
June  20 
June  23 
July  3.. 
July  12. 


To  Goods,  a.=;  p  r  invoice 
To  do 

To  do 

To  do 


« 

cts. 

5 

50 

7 

80 

3 

GO 

2 

27 

19 

17 
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Specimen  of  a  Detailed  Account. 


John  Smith,  Esq. 


Toronto,  July  21,  1877. 
To  J.  Jones  &  Co.,  21  Front-st. 


1877  I 
June  20 

"    20 

"  20 
June  23 

"  23 
July     3 

"  3 
July  12 

''     12 

"     12 


5  lbs.  of  Tea at  75  cts... 

8  lbs.  of  Loaf  Sugar... at  12^  cts. 

21  lbs.  of  Butter  at  30  cts... 

Ibbl.  of  Flour  at  |6    

18  lbs.  of  Cheese  at  10  cts.., 

12  lbs.  of  Biscuit  at  15  cts... 

6  jars  of  Pickles at  30  cts.. 

1  gal.  of  Coal  OU  37  cts 

8  lbs.  of  Sugar  11  cts 

8|  lbs.  of  Eaisins 12  cts 


Examples.    (Ixxxviii) 

Make  out  invoices  of  the  following  sales,  supplying  names 
and  dates  of  your  own  selection  : 

(1)  100  yds.  of  broadcloth  at  $3.25  per  yard ;  2500  yards 
of  sheeting  at  12  cts.  per  yard ;  3000  yards  of  prints  at  18 
cts.  per  yard  ;  300  yds.  of  French  silk  at  $1.75  per  yard. 

(2)  6  lbs.  of  black  tea  at  70  cts.;  2^  lbs.  of  green  tea  at  90 
cts.;  15|  lb.  of  lump  sugar  at  12  cts.;  17  lb.  of  brown  sugar 
at  9  cts.;  7^  lb.  of  raisins  at  20  cts.;  4  lb.  of  currants  at 
13  cts. 

Make  out  accounts  of  the  following  sales,  supplying  names 
and  dates  of  your  own  selection  : 

(3)  39i  yd.  of  Brussels  carpet  at  $1.50  ;  62f  yd.  of  Kid- 
derminster carpet  at  $1.10;  27  yd.  of  matting  at  23  cts.; 
34^  yd.  of  drugget  at  65  cts.;  43|  yd.  of  India  matting  at 
18  cts. 

(4)  23  yd.  of  black  silk  at  $2.15 ;  17  yd.  of  ribbon  at  23 
cts.;  13|  yd.  of  silk  velvet  at  25  cts.;  1:^  doz.  pairs  of  stock- 
ings at  45  cts.  a  pair ;  5  pairs  of  gloves  at  $1.25  ;  18  yd.  of 
muslin  at  17  cts. 

(5)  6  pairs  of  blankets  at  $5.50;  12^  yd.  of  merino  at 
45  cts.;  15f  yd.  of  cloth  at  $3.25  ;  5^  yd.  of  flannel  at  30  cts.; 
2  counterpanes  at  $4.25  each  ;  25^  yd»  of  calico  at  16  cts. 
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XX.    Problems. 

169.  The  Unitary  Method,  wliich  is  rapidly  displac- 
ing the  Rule  of  Three,  will  be  gradually  explained  in 
this  and  the  succeeding  Sections. 

Ex.  (1).  If  23  bullocks  cost  $483,  what  is  the  cost 
of  1  bullock  ? 

Since  23  bullocks  cost  $483, 

1  bullock  will  cost  SW  or  ^21. 

Ex.  (2).     If  7  men  do  a  piece  of  work  in  12  days, 
how  long  will  it  take  1  man  to  do  it  ? 
Since  7  men  can  do  the  work  in  12  days, 

1  man  can  do  the  work  in  (7  X  12)  days,  or  84  days. 

Ex.  (3).  If  28  men  do  a  piece  of  work  in  42  days,  in 
how  many  days  can  21  men  do  it  ? 

Time  for  28  men  to  do  the  work  =  42  days. 

"         1  man     "  "         =  28  x  42  days. 

"       21  men     "  "        =  ?^2ii?  days. 

21  ^ 

=  66  days. 

Ex.  (4).  If  75  men  finish  a  piece  of  work  in  12  days, 
how  many  men  will  finish  it  in  20  days  ? 
In  12  days  the  work  is  done  by  75  men, 
In  1  day  the  work  is  done  by  (12  X  75)  men, 
In  20  days  the  work  is  done  by  -~ —  men,  or  45  men. 

Ex.  (5).  A  bankrupt's  debts  are  $2520,  and  his  assets 
(that  is  the  value  of  his  property)  are  $1890  ;  what  can 
he  pay  in  the  dollar. 

In  the  place  of  12520,  he  can  pay  $1890, 
In  the  place  of  $1,  he  can  pay  $^i|§  or  $f ,  or  75  cts. ; 
.*.  he  pays  75  cents,  in  the  dollar. 

Ex.  (6).  A  bankrupt's  debts  are  £4204,  and  he  pays 
126'.  6d.  in  the  pound  ;  what  are  his  assets  ? 
That  which  ho  has  to  meet  a  debt  of  jgl  is  12. U. 
That  which  he  has  to  meet  a  debt  of  £4264  is  (4264  X  12^)6. ; 
•*.  his  assets  are  i^'^^^—?*,  or  £2665. 
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Ex.  (7).  If  27  men  can  do  apiece  of  work  in  14  days, 
working  10  hours  a  day,  how  many  hours  a  day  must 
12  men  work  to  do  the  same  in  45  days  ? 

Since  27  men  can  do  the  work  in  (14x10)  hours,  or  140 
hours, 

1  man  can  do  the  work  in  ('27  X 140)  hr, 
.*.  12  men  can  do  the  work  in  *1-^- ^  tP  hr.,  or  315  br. 
Now  315  hours  have  to  be  chstributed  equally  over  45  days; 
.'.  the  number  of  hours  they  work  each  day  =  W  or  7. 

Ex.  (8).  If  7  lbs.  of  tea  cost  $5.C0,  what  will  be  the 
cost  of  12  lbs.  ? 

Since  7  lb.  of  tea  cost  $5.60,  * 

1  lb.  of  tea  costs  ^~^-  ,  or  80  cts., 

.-.  12  lb.  of  tea  cost  12  x  BOcts.  or  $9.60 

Ex.  (9).  If  9  horses  can  plough  4G  acres  in  a  certnm 
time,  how  many  acres  can  12  horses  plough  in  the  same 
time  ? 

Since  9  horses  can  in  the  given  time  plough  46  ac, 
1  horse  can  in  the  given  time  plough  \®  ac. 
.*.  12  horses  can  in  the  given  time  plough  AA^A^  ac, 

or  61^  ac. 

Ex.  (10).  If  16  horses  can  plough  a  certain  quantity 
of  land  in  five  days,  how  many  horses  will  be  required 
to  plough  it  in  three  days  ? 

In  6  days  the  land  can  be  ploughed  by  15  horses ; 

In  1  day  the  land  can  be  ploughed  by  (5x  15)  horses ; 

5  X  15 
In  3  days  the  land  can  be  ploughed  by — — ,  or  25  horses. 

o 

Note  I. — In  simple  questions  of  this  kind  we  have  a 
supposition  and  a  demand.  Each  contains  two  kinds  of 
things  ;  in  the  supposition  the  magnitudes  of  both  kinds 
*are  given  ;  in  the  demand  a  magnitude  of  one  kind  is 
given,  and  the  appropriate  corresponding  magnitude  of 
the  other  kind  has  to  be  found.  The  first  line  of  the 
solution  contains  the  magnitudes  of  the  supposition  so 
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arranged,  that  at  the  end  of  the  line  we  have  that  hind  of 
thing,  of  which  the  magnitude  is  7-equired  in  the  demand. 
Thus  iu  Ex.  (10)  the  order  of  the  supposition  is 
changed,  and  the  magnitude,  15  horses,  put  at  the  end 
of  the  Hne,  because  we  have  to  find  how  many  horses 
will  be  required  in  the  demand. 

Examples-  (Ixxxix) 

(1)  If  a  man  walk  62  miles  in  4  days,  in  how  many  days 
will  he  walk  93  miles  ? 

(2)  If  12  men  reap  a  field  in  4  days,  in  what  time  will  82 
men  reap  it  ? 

(3)  If  350  acres  of  land  cost  $61250,  what  will  273  acres 
cost  ? 

*  (4)  How  many  men  can  perform  in  12  days  a  piece  of 
work  which  15  men  .can  perform  in  20  days  ? 

(5)  The  rent  of  17  acres  is  $297,  what  is  the  rent  of  86 
acres  ? 

(6)  If  a  man  walk  116  miles  in  8  days,  how  far  will  he 
walk  in  14  days  ? 

(7)  A  farmer  sells  a  flock  of  270  sheep  at  $240  a  score, 
what  does  he  get  for  them  ? 

(8)  A  servant's  wages  being  $108  per  annum,  how  much 
on<,dit  she  to  receive  for  7  weeks  ? 

(9)  A  clerk's  salary  is  ^6191.  12s.  Qd.  per  annum;  what 
ought  he  to  receive  for  60  days  service  ? 

(10)  A  ship  performs  a  voyage  in  63  days,  sailing  at  the 
rate  of  6  knots  an  hour  ;  how  long  would  it  take  her,  if  she 
Bailed  itt  the  rate  of  7  knots  an  hour  ? 

(11)  A  bankrupt's  effects  are  worth  $860,  and  his  debts 
are  $4300  ;  what  does  he  pay  in  the  dollar  ? 

Note  II. — To  one  of  the  magnitudes  in  a  supposi- 
tion there  is  a  corresponding  magnitude  of  the  same 
kind  in  the  demand,  and  these  magnitudes  must  be  ex- 
pressed in  units  of  the  same  denomination. 

Ex.  A  man  walks  1  m.  1  fur.  7  po.  in  20  minutes;  how 
long  will  he  take  to  walk  41  m.  2  fur.  12  po.  ? 

Here  1  m.  1  fur.  7  po.  =  367  poles, 

an<l  41  m.  2  fur.  12  po.  =  13212  poles.  , 

Then  he  walks  367  poles  in  20  minutes; 
he  walks      .1  pole  in  ^^  min.; 
he  walks  13212  poles  in  ^^}  - ""  ^ o„  ^in.,  or  720 min. 
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Examples.     (Ixxiix)— continued. 

(12)  If  3  bushels  of  wheat  be  worth  $3.50  what   is   the 
worth  of  43  qr.  6  bus.? 

(13)  If  15  yards  of  silk  cost  $6.75  how  much  wiU  20  yd. 

1  ft.  cost  ? 

(14)  If  3  cwt.  3  qr.  co.st   $27,  what  will  be  the   cost  of 

2  cwt.? 

(15)  If  2  cwt.  3  qr.  7  lb.  cost  ^5.   17s.  8|d.,  what  is  the 
cost  of  9  cwt.? 

170.  Problems  involving  Fractions. 

Ex.  If  f  of  an  estate  be  worth  $1500,  what  is  the 
value  of  f  of  the  estate  ? 

Since  f  of  the  estate  is  worth  $1500, 
^  of  the  estate  is  worth  $  ^^. 
.-.  the  estate  is  worth  $— ^^  or  $3500, 
Hence  |  of  the  estate  is  worth  $i^i^^  or  $2800. 
Examples-    (xc) 

(1)  If  f  of  an  estate  be  worth  ^7520,  what  is  the  value  of 
f  of  the  estate  1 

(2)  A  person  owns  f  of  a  ship  and  sells  f  of  his  share  for 
$12(30  ;  what  is  the  value  of  the  ship  ? 

(3)  If  3|  lb.  of  tea  cost  15s.  3d.,  how  much  can  I  buy  for 
£4.  3s.  lOirf. 

(4)  If  j\  of  a  piece  of  work  be  done  in  25  days,  how  much 
will  be  done  in  lif  days  ? 

(5)  A  man  walks  18  m.  2  fur.  26  po.  3|  yd.  in  5^  hours. 
How  long  does  he  take  to  walk  a  mile  and  a  half  ? 

(6)  A  gentleman  possessing  ^^  of  an  estate  sold  f  of-07 

of  his  share  for  $603.12^;  what  would  ^  of  y^^  of  the  estate 
sell  for  at  the  same  rate  ? 

(7)  If  the  carriage  15*5  cwt.  of  goods  for  60  miles  cost 
$3.10,  how  far  ought  3.25  cwt.  to  be  carried  for  the  same 
money  ? 

(8)  What  is  the  value  of  ^^  of  -^^  of  a  vessel,  if  a  person 
Vho  owns  ^  of  it  sell  -J-  of  -J  of  his  share  for  $1400. 

(9)  When  the  ounce  of  gold  is  worth  ^3 '89,  what  is  the 
cost  of  -04  lb.  ? 
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^10)  If  the  price  of  candles  8^  ii^ches  long  be  9d.  per 
half-dozen,  and  that  of  candles  of  the  same  thickness  and 
quality  10 j  inches  long  be  lid!,  per  half-dozen,  which  kind 
do  you  advise  a  person  to  buy  ? 

(11)  If  the  carriage  of  60  cwt.  for  20  miles  cost  ^14^, 
what  weight  can  be  carried  the  same  distance  for  ^5^^^  ? 

COMPLEX  PROBLEMS, 
171.  We  now  proceed  to  cases  in  which  the  suppo- 
sition, expressed  in  the  simplest  form,  contains  more 
than  two  magnitudes,  the  demand  containing  the  same 
number  of  magnitudes,  all  of  which  are  given,  except 
one,  which  has  to  be  found. 

Ex.  (1).  If  12  horses  can  plough  96  acres  in  6  days,  how 
many  horses  will  plough  64  acres  in  8  days  ? 
In  6  days  96  acres  can  be  ploughed  by  12  horses. 
In  1  day  96  acres  can  be  ploughed  by  6x12  horses. 
In  1  day  1  acre  can  be  ploughed  by  ^  A-Li  horses. 
In  8  days  1  acre  can  be  ploughed  by  ^  ^  ^—  horses. 

8X96 

In  8  days  64  acres  can  be  ploughed  by  s^^e^ig    horses 

8X96 

.-.  the  number  of  horses  required  is  6. 
Ex.  (2).  If  35  bushels  of  oats  last  7  horses  far  20  days, 
how  many  days  will  96  bushels  last  18  horses  ? 
85  bushels  last  7  horses  for  20  days. 
1  bushel  lasts  7  horses  for  |-y  days. 
1  bushel  lasts  1  horse  for  ^  f  ,^^  days. 
96  bushels  last  1  horse  for  ?-6_x_7^<_2o  ^lays. 

96  bushels  last  18  horses  for  ^mil""  days. 
.'.  the  number  of  days  is  21^. 
Examples,    (xci) 

(1)  If  40  acres  of  grass  be  mowed  by  8  men  in  7  days, 
tiow  many  acres  will  be  mowed  by  24  men  in  28  days  ? 

(2)  If  $60  will  pay  8  men  for  5  days'  work,  how  much 
will  pay  32  men  for  24  days'  work  ? 

(3)  If  a  regiment  of  939  soldiers  consume  851  quarters  of 
wheat  in  168  days,  how  many  soldiers  will  consume  1404 
quarters  in  56  days  ? 
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(4)  If  two  horses  eat  8  bushels  of  oats  in  16  days,  how 
many  horses  will  eat  3000  quarters  in  24  days  ? 

(5)  If  a  carrier  receive  $12  for  the  carriage  of  3  cwt.  for 
150  miles,  how  much  ought  he  to  receive  for  the  carriage  of 
7  cwt.  3  qr.  14  lb.  for  50  miles  ? 

(6)  If  I  pay  $1.50  for  the  carriage  of  2  tons  for  6  miles, 
what  must  I  pay  for  the  carriage  of  12  tons  17  cwt.  for  34 
miles  ? 

(7)  If  3  men  earn  $15  in  4  days,  what  sum  wiU  18  men 
earn  in  16  days  ? 

(8)  How  many  busliels  of  wheat  will  serve  72  people  8 
days,  when  4  bushels  serve  6  people  24  days  ? 

(9)  If  a  man  travel  150  miles  in  5  days  when  the  days  are 
12  hours  long,  in  how  many  days  of  10  hours  each  will  he 
travel  500  miles  ? 

(10)  If  the  carriage  of  goods  weighing  5  cwt.  2  qr.  12  lb. 
for  150  miles  come  to,  $15.70,  what  will  be  the  charge  for 
carrying  four  waggon-loads  of  the  same,  each  weighing  7  cwt. 
0  qr.  2  lb.,  the  same  distance,  there  being  112  lbs.  .in  the 
cwt.  ? 

(11)  If  $120  pay  16  labourers  for  6  days,  how  many 
labourers  at  the  same  rate  will  $270  pay  for  8  days  ? 

(12)  If  the  gas  for  5  burners,  5  hours  every  day,  for  10 
days,  cost  $1.20,  how  many  burners  may  be  lighted  4  hours 
every  evening  for  15  days  at  a  cost  of  $21.60  ? 

(13)  If  a  travelling  party  of  three  spend  $190  in  4  weeks, 
how  long  will  $475  last  a  travelling  party  of  five  at  the  same 
rate  ? 

(14)  If  it  cost  $120  to  keep  two  horses  for  five  months, 
what  will  it  cost  to  keop  three  horses  for  eleven  months  ? 

(15)  If  it  cost  ^29.  Is.  6d.  to  keep  5  horses  for  6  weeks, 
how  long  may  3  horses  be  kept  for  ;£20.  lis.  dd.  ? 

(10)  If  5  men  can  reap  a  field  of  12|  acres  in  3^  days, 
working  16  hours  a  day,  in  what  time  can  7  men  reap  a  field 
of  15  acres,  working  12  hours  a  day  ? 

(17)  If  858  men  in  6  months  consume  234  quarters  of 
wheat,  how  many  quarters  will  be  required  for  the  consump- 
tion of  979  men  for  3  months  and  a  half  ? 

(18)  The  wages  of  5  men  for  6  weeks  being  $315,  how 
many  weeks  will  4  men  work  for  $231  ? 

(19)  If  7  men  mow  22  acres  in  8  days,  working  11  hours 
a  day,  in  how  many  days,  working  10  hours  a  day,  will  12 
men  mow  360  acres  ? 
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(20)  If  10  horses  consume  7  bus.  2  pk.  oats  in  7  flays,  in 
vvliut  time  will  28  horses  consume  3  qr.  6  bus.  at  the  same 
rate  ? 

(21)  If  44  cannon,  firing  30  rounds  an  hour  for  3  hours  a 
day,  consume  300  barrels  of  powder  in  5  days,  how  long  will 
400  barrels  last  6i5  cannon,  firing  40  rounds  an  hour  for  6 
hours  a  day  ? 

(22)  If  the  wages  of  29  men  for  54  days  amount  to  £80  9s. 
6d.,  how  many  men  must  work  12  days  to  receive  £407  ? 

(23)  What  must  I  pay  for  the  hire  of  4  horses  for  6 
months,  if  I  pay  £18  for  the  hire  of  3  horses  lor  a  month  ? 

172.  Problems  relating  to  Work  done  in  a  certain  time. 

Note  I. — If  a  man  can  do  a  piece  of  work  in  7  hours, 
the  part  of  the  work  which  he  can  do  in  1  hour  will  be 
represented  by  |, 

Ex.  (1).  A  can  do  a  piece  of  work  in  5  days,  and  B 
can  dp  it  in  12  days.  How  long  will  A  and  B,  working 
together,  take  to  do  the  work  ? 

Here  \  represents  the  part  A  does  daily, 

and  jJj  represents  the  part  B  does  daily  ; 

/.  \  +  ^>2  represents  the  part  A  and  B  do  daily ; 

.'.  they  do  f  5  in  1  day ; 

.*.  they  do  ^'o  "i  jV  day  ; 

.'.  they  do  the  whole  work  in  |?  days,  or  Z^^  days. 

Ex.  (2).  A  can  do  a  piece  of  work  in  50  days,  B  in 
GO  days,  and  (7  in  75  days.  In  what  time  will  they  do 
it,  all  working  together  ? 

Here  jV  +  s'o  +  ^\  represents  the  part  they  do  daily ; 
.-.  they  do  ^"^^  ±-*,  or  ^V^j,  or  4^  daily; 
.-.  they  do  the  work  in  20  days. 
Ex.  (3).  A  can  reap  a  field  in  4i  days,  and  B  can 
reap  it  in  5 1  days.     How  long  will  they  take  to  reap  it, 
working  together  ? 

1         5 

A  does  j-j  or  ^j  daily. 

B  does  g^  or  j^  daily. 
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.-.  together  they  do  ^\  +  A,  or  i||  daily; 
.-.  they  do  ^^j  of  the  work  in  yi?  day  ; 
.*.  they  do  the  work  in  m  days,  or  2-jVs  days. 

Ex.  (4).  A  and  5  do  a  piece  of  work  in  4  hours ;  A 
and  C  in  3f  hours ;  B  and  (7  in  5|  hours.  In  what 
time  can  A  do  it  alone  ? 

A  and  B  can  do  :J  in  an  hour. 

A  and  0  can  do  ^^  in  an  hour. 

.*.  two  men  of  A's  strength,  assisted  by  B  and  C,  can  do 

I  +  i*g  in  an  hour. 

Now  B  and  0  can  do  /^  in  an  hour. 

.*.  two  men  of  A's  strength  can  do  :^  +  1*5  — /a  in  an  hour, 

or  ht-s%j  or  il,  or  ^  in  an  hour  ; 

.'.  A  can  do  ^  in  an  hour; 
.*.  A  can  do  the  work  in  6  hours. 

Note  II. — If  a  tap  can  fiU  a  vessel  in  5  hours,  the 
part  filled  by  it  in  1  hour  will  be  represented  by  J. 

Ex.  (1).  A  vessel  can  be  filled  by  three  taps,  run- 
ning separately,  in  20,  30,  and  40  minutes  respectively. 
In  what  time  wiU  they  fill  it  when  they  all  run  at  the 
same  time  ? 

They  fill  5^5  +  5V  +  tV  of  the  vessel  in  1  minute ; 

.-.  they  fill  ^  +  ^  +  '%  or  ^V^^  in  1  minute ; 

.'.  they  fill  Tio  in  rs  of  a  minute  ; 

.*.  they  fill  the  vessel  in  W  or  9 A  minutes. 

Ex.  (2).     A  bath  is  filled  by  a  pipe  in  40  minutes.    It 

is  emptied  by  a  waste  pipe  in  an  hour.     In  what  time 

will  the  bath  be  full  if  both  pipes  be  opened  at  once  ? 

One  pipe  fills  ^\  of  the  bath  in  a  minute. 

The  other  empties  ^V  of  the  bath  in  a  minute. 

.*.  when  both  are  running,  iV-A»  or  x^o  of  the  bath  is  filled 

in  a  minute ; 

.'.  the  bath  is  filled  in  120  minutes. 

Examples-    (xcii) 
(1)  A  can  do  a  piece  of  work  in  6  hours ;  B  can  do  it  in 
9  hours.     In  what  time  will  they  do  it  if  they  work  together  ? 
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(2)  A  can  do  a  piece  of  work  in  35  days  ;  B  can  do  it  in 
40  days  ;  G  can  do  it  in  45  days.  In  what  time  will  they  do 
it,  all  working  together? 

(3)  A  and  B  can  reap  a  field  of  wheat  in  3  days  ;  A  and 
C  in  3^  days ;  B  and  C  in  four  days.  In  what  time  could 
they  reap  it,  all  working  together  ? 

(4)  If  three  pipes  fill  a  vessel  in  6,  8,  and  12  minutes 
respectively,  in  what  time  will  the  vessel  be  filled  when  all 
three  are  opened  at  once  ? 

(5)  A  does  -^  of  a  piece  of  work  in  14  days.  He  then 
calls  in  J5,  and  they  finish  the  work  in  2  days.  How  long 
would  B  take  to  do  the  whole  work  by  himself? 

(6)  A  does  a  piece  of  work  in  3  hours,  which  is  twice  the 
time  B  and  G  together  take  to  do  it ;  A  and  G  could  together 
do  it  in  1^  hours.     How  long  would  B  alone  take  to  do  it? 

(7)  A  can  do  a  piece  of  work  in  27  days,  and  B  in  15 
days ;  A  works  at  it  alone  for  12  days,  B  then  works  alone 
5  days,  and  then  G  finishes  the  work  in  4  days.  In  what 
time  could  G  have  done  the  work  by  himself? 

(8)  A  cistern  is  filled  by  two  pipes  in  18  and  20  minutes 
respectively,  and  emptied  by  a  tap  in  40  minutes  ;  what  part 
of  it  will  be  filled  in  10  minutes  when  all  are  opened  at  the 
same  instant  ? 

173.  Problems  relating  to  ClorJcs. 

The  minute-hand  moves  12  times  as  fast  as  the  hour- 
hand,  and  therefore  in  12  minutes  the  minute-hand 
gains  11  minute-divisions  on  the  hour-hand. 

Ex.  (1).  Find  the  time  between  3  and  4  o'clock  when 
the  hands  of  of  a  watch  are  together. 

At  3  o'clock  there  are  15    minute-divisions  between  the 
hands  ;  we  liave  therefore  to  find  how  long  it  will  take  the 
minute-hand  to  gain  15  minute-divisions  on  tlie  hour-hand. 
The  minute-hand  gains  11  minute-divisions  in  12  minutes; 
1  minute-division  in  |f  minutes  ; 

,-       •        X      n-    •    •  '      15X12 

15mmute-divisionsin  — — - —  mm.; 
.*.  the  time  required  is  — ^— —  min.,  or  16-nr  miu-  past  3. 

Ex.  (2).  At  what  time  between  2  and  3  are  the  hands 
of  a  clock  at  right  angles  to  each  other  ? 

When  the  hands  are  at  right  angles  there  is  a  space 
of  15  minute-divisions  between  them. 
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dence,  since  at  2  o'clock  there  are  10  minute-divis- 
ions between  the  hands,  we  have  to  find  how  long  it 
will  take  the  minute-hand  to  gain  10  -\-  15,  or  25  min- 
ute-divisions on  the  hour-hand. 

The  minute-hand  gains  11  minute-divisions  in  12  minutes  ; 
1  minute-division    in  -j-y  minutes  ; 
25  minute-divisions  in  -^—  min. ; 

.*.  the  time  required  is  —^l —  min.,  or  27-iVi^i'^'  P^^^  2. 

Ex.  (3).  At  what  times  between  6  and  7  are  the 
hands  of  a  clock  at  right  angles  to  each  other  ? 

Twice  between  6  aijd  7  this  will  occur  :  first,  before 
the  minute-hand  has  overtaken  the  hour-hand ;  second- 
ly, after  the  minute-hand  has  passed  the  'hour-hand. 

Now,  since  at  6  o'clock  there  are  30  minute-divisions 
between  the  hands,  we  have  to  find : 

First,  how  long  it  will  take  the  minute-hand  to  gain 
30  —  15,  or  15  minute-divisions  on  the  hour-hand. 

Secondly,  how  long  it  will  take  the  minute-hand  to 
gain  30-i-15,  or  45  minute-divisions  on  the  hour-hand. 

The  process  in  each  case  will  be  similar  to  that  in  the 
preceding  examples,  and  the  results  are  16y\  min.  and 
49y\-  min.  past  6. 

Ex.  (4).  Find  the  time  between  7  and  8  o'clock  when 
the  hands  of  a  watch  are  opposite  to  each  other. 

When  the  hands  are  opposite  there  is  a  space  of  30 
minutes  between  them,  and  at  7  o'clock  there  is  a  space 
of  35  minutes  between  the  hands. 

Hence  in  this  case  we  have  to  find  how  long  it  will 
take  the  minute-hand  to  gain  a  space  of  35  —  30,  or  6 
minutes  on  the  hour-hand. 

The  process  will  be  similar  to  that  in  the  preceding 
examples,  and  the  result  is  5y^y  min.  past  7. 

Examples,    (xciil) 

At  what  time  are  the  hands  of  a  watch  together  be- 
tween the  hours  of 
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(1)     4  and  5.         (2)    6  and  7.         (3)       9  and  10  ? 
At  what  time  are  the  hands  of  a  watch  at  right  angles 
to  each  other  between 

(4)    4  and  5.         (5)     7  and  8.         (6)     11  and  12  ? 
At  what  time  are  the  hands  of  a  watch  opposite  to 
each  other  between 

(7)     1  and  2.         (8)     4  and  5.         (9)       8  and  9  ? 

EXAMINATION  PAPERS. 
I. 

(1)  If  for  a  given  sum  I  can  have  1200  lbs.  carried  36 
miles,  how  many  pounds  can  I  have  cawied  24  miles  for  the 
same  sum  ? 

(2)  If  *  of  a. ship  be  worth  #13056,  what  is  the  value  of  § 
of  the  ship  ? 

(3)  A  silver  tankard  weighs  1  lb.  10  oz.;  what  is  its  value, 
when  a  dozen  spoons,  weighing  3f  oz.  each,  are  worth  |54  ? 

(4)  A  man  spends  #61. 60  every  35  days,  and  saves  |400 
a  year.     What  is  his  annual  income  ? 

(5)  When  the  income-tax  is  (Sd.  in  the  £  a  man  pays 
£15.  7s.  Qd.\  what  is  his  income  ? 

II. 

(1)  A  man's  income  is  reduced  from  $2720  to  $2640.66 
when  he  has  paid  his  income  tax.  What  is  his  tax  on  the 
•iollar  ? 

(2)  If  10  horses  and  132  sheep  can  be  kept  8  days  for 
$202,  what  sum  will  keep  15  horses  and  148  sheep  for  the 
same  time,  supposing  5  horses  to  eat  as  much  as  84  sheep  ? 

(3)  A  man  receives  75  cents  in  the  dollar  of  what  was  due 
to  him  and  thereby  loses  #602.10.     What  was  due  to  him  ? 

(4)  If  15  men  can  perform  a  piece  of  work  in  22  days, 
how  many  men  will  finish  another  piece  of  work  4  times  as 
large  in  a  fifth  part  of  the  time  ? 

(5)  If  72  men  dig  a  trench  in  63  days,  in  how  many  days 
will  42  men  dig  another  trench  three  times  as  great  ? 

III. 

(1)  The  wages  of  A  and  B  together  for  1\  days  amount  to 
the  same  sum  as  the  wages  of  A  alone  for  12?  days.  For 
how  many  days  will  the  sum  pay  the  wages  of  B  alone  ^ 
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(2)  If  100  men  can  perform  a  piece  of  work  in  30  days, 
how  many  men  can  perform  another  piece  of  work  thrice  as 
large  in  one-fourth  of  the  time  ? 

(3)  If  5  men  or  7  women  can  do  a  piece  of  work  in  37 
days,  how  long  will  a  piece  of  work  twice  as  great  occupy  7 
men  and  5  women  ? 

(4)  Two  persons,  A  and  B,  finish  a  work  in  20  days, 
which  B  by  himself  could  do  in  50  days.  In  what  time 
could  A  finish  it  by  himseK?  How  much  more  of  the 
work  is  done  by  A  than  B  ? 

(5)  If  a  cistern  when  full  of  water  can  be  emptied  in  15 
minutes  by  a  pipe,  and  when  empty  can  be  filled  by  another 
in  20  minutes  ;  if  the  cistern  be  full,  in  what  time  can  it  be 
emptied  by  both  pipes  being  opened  at  the  same  time  ? 

IV. 

(1)  A  and  B  can  do  a  piece  of  work  alone  in  15  and  18 
days  respectively  ;  they  work  together  at  it  for  3  days,  when 
B  leaves,  but  A  continues,  ana  after  3  days  is  joined  by  G, 
and  they  finish  it  together  in  4  days.  In  what  time  would 
C  do  the  work  by  himself? 

(2)  If  a  man  can  do  treble,  and  a  woman  double  the  work 
of  a  boy  in  the  same  time,  how  long  would  9  men,  15  women, 
and  18  boys  take  to  do  double  the  work  which  7  men,  12 
women,  and  9  boys  complete  in  250  days  ? 

(3)  A  and  B  walk  to  meet  each  other  from  two  places  100 
miles  distant.  A  walks  6  miles  an  hour  and  B  four  miles 
an  hour.  At  what  point  on  the  road  do  they  meet,  and  at 
what  two  times  are  they  fifty  miles  apart  from  each  other  ? 

(4)  A  watch  which  is  10  minutes  too  fast  at  noon  on  Mon- 
day loses  3  min.  10  sec.  daily.  What  will  be  the  time  indi- 
cated by  the  watch  at  a  quarter  past  10  on  the  morning  of 
the  following  Saturday  ? 

(5)  A  watch  set  accurately  at  12  o'clock  indicates  10  min. 
to  5  at  5  o'clock.  What  is  the  exact  time  when  the  watch 
indicates  5  o'clock  ?  If  it  indicated  10  minutes  past  5  at  5 
o'clock,  what  would  be  the  exact  time  when  the  hands  indi- 
cated 5  o'clock  ? 

V. 

(1)  A  laborer  agreed  to  work  for  60  days  on  this  condition  : 
that  every  day  he  worked  he  should  receive  $2,  and  for 
every  day  he  was  idle,  he  should  pay  ^1.50  for  his  board. 
At  the  expiration  of  the  time,  he  received  #92.  How  many 
days  did  he  work  ? 
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(2)  A  piece  of  work  can  be  done  in  a  day  of  11^  hours  by 
2  men,  or  5  women,  or  12  boys;  in  what  time  could  it  be 
done  by  1  man,  2  women,  and  3  boys  together  ? 

(3)  A  cistern  has  two  supplying  pipes  A  and  B,  and  a  tap 
G.  When  the  cistern  is  empty,  A  and  B  are  turned  on,  and 
it  is  filled  in  4  hours  ;  then  JB  is  shut  and  C  turned  on,  and 
the  cistern  is  quite  emptied  in  40  hours  ;  when,  lastly,  A  is 
shut  and  B  turned  on,  and  in  60  hours  afterwards  the  cistern 
is  again  filled.  In  what  time  could  the  cistern  be  filled  by 
each  of  the  pipes  A  and  B,  singly  ? 

(4)  A  clock  is  set  at  12  o'clock  on  Saturday  night,  and  at 
noon  on  Tuesday  it  is  3  minutes  too  fast.  Supposing  its 
rate  regular,  what  will  be  the  true  time  when  the  clock 
strikes  four  on  Thursday  afternoon  ? 

(5)  A  contractor  engages  what  he  considers  a  sufficient 
number  of  men  to  execute  a  piece  of  work  in  84  days  ;  but 
he  ascertains  that  three  of  his  men  do,  respectively,  ^,  |,  and 
^  less  than  an  average  day's  work,  and  two  others  ^  and  jo 
more,  and  in  order  to  complete  the  work  in  the  14  weeks, 
he  procures  the  help  of  17  additional  men  for  the  84th  day. 
How  much  less  or  more  than  an  average  day's  work  on  the 
part  of  these  17  men  is  required  ? 

XXI.    Simple  Interest. 

174.  Interest  is  that  which  is  paid  by  one,  who  bor- 
rows money,  for  the  use  of  the  money. 

The  money  lent  is  called  the  Principal. 

The  Borrower  agrees  to  pay  at  what  is  called  a  certain 
Eate  of  interest,  which  is  usually  reckoned  by  the  sum 
paid  for  the  use  of  $100  for  1  year.  Thus,  if  I  borrow 
$500  for  1  year,  and  agree  to  pay  $25  for  the  use  of  the 
money,  I  am  said  to  borrow  at  the  Rate  of  5  per  cent, 
per  annum,  that  is,  I  agree  to  pay  $5  for  the  use  of 
every  $100  in  the  loan  at  the  end  of  the  year. 

The  sum  made  up  of  the  Principal  and  Interest 
added  together,  is  called  the  Amount  at  the  end  of  the 
time  for  which  the  money  is  borrowed. 

175.  The  solution  of  questions  relating  to  Interest 
depends  on  precisely  the  same  principles  as  those  ex- 
plained in  the  last  Section,  and  it  is  only  because  of  the 


SIMPLE    INTEREST.  167 

necessity  of  explaining  technical  terms  thai  there  is  any 
occasion  to  separate  this  or  the  succeeding  Sections 
from  Section  XX. 

For,  just  as  we  reason  about  the  question 

What  must  I  pay  for  the  hire  of  4  horses  for  5  months,  if 
1  pay  $18  for  the  hire  of  3  horses  for  a  month  ? 

so  do  we  reason  about  the  question 

What  must  I  pay  for  the  use  of  $550  for  3  years,  if  I  pay 
^5  for  the  use  of  $100  for  a  year  ? 

Ex.  (1).  To  find  the  Simple  Interest  on  $2675  for 
3  years  at  8  per  cent.,  we  reason  thus  : 

Interest  on  $100  for  1  year  is  $8  ; 

on  $1  for  1  year  is  $T§(y ; 

on  #2675  for  1  year  is  $-^^~^  ; 

on  12675  for  3  years  is  #-liil5^|ii8-  =  $642 ; 
.'.  the  interes'  is  $642. 

Hence  we  derive  the  following  Eule  : 

Multiply  the  Principal  hy  the  Rate  per  Gent.,  and  the 
reaiilt  hy  the  Time  expressed  in  years,  and  divide  the  pro- 
duct by  100. 

The  process  stands  thus : 

2675 

8 

21400 
3 


$642.00 
the  interest  is  $642. 


Ex.  (2).  Find  the  interest  on  $3200  for  2  years  and 
7  months  at  7i  per  cent. 
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Since  7  months  is  y^  of  a  year  the  time  is  2/^  years. 
Interest  on  $100  for  1  year  is  #7.50. 
#1  fori  year  is  ^^^^ 
"       $3200  for  1  year  is  $ii^l^I±2. 

"        #3200  for  2/^  years  is  2^^  X  «  ^-^-f^^^ 

^3  1X3200X7.30     

*  1 2  X    100 

=  #620; 
.*.   the  interest  is  #620. 

Ex.   (3).  Find  the  interest  on  $101178  from  January 

28th,  1876.  to  Sept.  15th,  1876  at  6  per  cent. 

The  number  of  days  between  January  28th  and  Sept. 
15th  is  231,  and  231  days  is  ff^  of  a  year. 

Interest  =^-^-|-^^Xf|J=  #3841-992. 

Note  I. — In  calculating  the  number  of  days  between 
two  given  days  of  the  year,  the  rule  is  to  include  one  of 
them  only  in  the  calculation.  Thus  from  Jan.  4  to  Jan. 
9  will  be  5  days. 

In  the  preceding  example  if  we  multiply  numerator 
and  denominator  by  2  we  have 

101178X12X231 
73000 

Hence,  in  computing  the  interest  for  any  number  of 
days,  we  have  the  following  rule  : 

Multiply  tlhQ  Principal  hy  twice  the  rate,  and  the  result 
by^the  number  of  daya  and  divide  the  product  by  73000. 

When  the  Principal  is  not  very  large  the  division  is 
most  readily  effected  by  dividing  the  product  by  3,  the 
quotient  by  10,  and  the  new  quotient  by  10,  and  adding 
these  quotients  and  the  product  together,  and  pointing 
off  five  i^laces  of  decimals, 
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Thus:  Find  the  interest  of  $1000  for  121  days  at 
8  per  cent. 

$1000 
16 


16000 
121 


3    1936000 
10     645333^ 
101       645331 
64531 


126.52320 
Since  73000  increased  by  i  of  itself,  ^^  of  itself,  and 
^jj  of  itself  becomes  100010, 

Thus, 


73000 

i 

243331 

tV^U 

24331 

^of^V 

2431 

100010 
and  considering  this  as  100000  the  reason  for  the  above 
process  is  evident. 

Note  II. — In  actual  practice  the  time,  when  not  an 
exact  number  of  years,  is  always  expressed  in  days,  or 
in  years  and  days. 

Examples-    (xciv) 

Find  the  simple  interest — 

(1)  On  S2750  lor  6  years  at  5  per  cent,  per  annum. 

(2)  On  $3625  for  4  years  at  8  per  cent,  per  annum. 

(3)  On  $2700  for  6  years  at  7^  per  cent,  per  annum. 

(4)  On  $8825  for  6^  years  at  8  per  cent,  per  annum. 

(5)  On  $1160  for  11  months  at  9  per  cent,  per  annum. 

(6)  On  ^9125  for  78  days  at  8  per  cent,  per  annum. 

(7)  On  $5913  from  Nov.  23, 1876  to  April  7,  1877  at  7|  per 

cent,  per  annum. 

(8)  On  ^204  17s.  Id.  from  Aug.  3  to  Jan.  9  at  5  per  cent, 

lid.  We  have  explained  how  to  find  the  Interest 
(ana  Amount)  when  the  Principal,  Eate  and  Time  are 
givQn.     We  shall  now  explain  how  to  find  the  I^ate,  or 
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Time,  or  Principal,  when  the  other  two  and  also  the 

Interest  (or  Amount)  are  given. 

Ex.  (1).  At  what  Eate  per  cent,  will  $520  amount  to 
$800.80  in  9  years  ? 

As  the  rate  is  the  interest  on  $100  for  1  year,  to  find 
the  rate  we  must  find  the  interest  on  $100  for  1  year. 
Here  interest  =  #800.80 -$520=!$280.80, 
Thus,  the  interest  on  #520  for  9  years  is  !|280.80  ; 
.*.  the  interest  on  $520  for  1  year  is  $^^^^ 

on  $1  for  1  year  is  ^^-^^l^-l-l- 

on  #100  for  1  year  is  $10-0-^«0:M-$6; 
.*.  Hate  required  is  6  per  cent. 
Ex.  (2).  In  what  Time  will  the   Interest   on  $360 
amount  to  $126  at  5  per  cent.  ? 

Interest  on  #360  for  1  year  is  #_3^0-^  or  ^18. 
Then,  since  #18  is  the  interest  for  1  year, 
#1  is  the  interest  for  ^  year, 
#126  is  the  interest  for  VV  year,  or  7  years; 
.'.  Time  required  is  7  years. 

Ex.  (3).  What  Principal  will  amount  to  $980  in  8 
years  at  7^  per  cent  ? 

Interest  on  #100  for  3  years  at  7|  per  cent,  is  #22.50 
.*.  $122.50  is  the  amount  which  has  for  its  Principal  #100  ; 

$1  is  the  amount  which  has  for  its  Principal  #122.50 

$980  is  the  amount  which  has  for  its  Principal  #-?AoJLLoo 

or  #800. 

.'.  Principal  required  is  $800. 

Ex.  (4).  At  what  rate  will  any  sum  triple  itself  in  20 
yenrs  at  simple  interest  ? 

Here  the  interest  is  twice  the  Principal. 
Thus  the  interest  on  the  Principal  for  20  years  is  2  x  Prin- 
cipal ; 

/.  interest  on  the  Principal  for  1  year  is  ?_>lJ?'^:^4 


interest  on  #1      for  1  year  is 


20 
2  X  Principal 


Principal  X  20 
100  X  2  X  Pr 
Principal 
Bate  required  is  10  per  cent. 


aif^n  r     1           ■     100  X  2  X  Principal 
on  #100  for  1  year  is — £ in 

^  Principal  X  20      ^^"- 


SIMPLE    INTEREST.  171 

Examples-     (xcv) 

(1)  At  what  rate  will  the  interest  on  $326  for  16  years  be 
$220.05  ? 

(2)  In  what  time  will  $700  amount  to  $920.50  at  6  per 
cent.  ? 

(3)  What  sum  will  amount  to  $1325  in  8  months  at  9  per 
cent.  ? 

(4)  The  interest  on  a  sum  of  money  for  12  years  at  4|  per 
cent,  is  $202.50  ;  what  is  the  sum  ? 

(5)  In  what  time  will  any  sum  double  itself  at  5  per  cent. 
simple  interest  ? 

(6)  What  must  be  the  rate  per  cent,  that  the  interest  at 
the  end  of  16  years  8  months  may  be  equal  to  seven-eighths 
of  the  sum  lent  ? 

(7)  A  sum  of  money  amounts  in  ten  years  at  7  per  cent, 
to  $1275 ;  in  how  many  years  will  it  amount  to  $1406.25  ? 

(8)  The  sum  of  $500  is  borrowed  at  the  beginning  of  the 
year  at  a  certain  rate  per  cent.,  and  after  9  months  $400 
more  is  borrowed  at  double  the  previous  rate.  At  the  end 
of  the  year  the  interest  on  both  loans  is  $35  ;  what  is  the 
rate  at  which  the  first  sum  was  borrowed  ? 

(9)  In  how  many  days  will  the  interest  on  ^243.  6s.  Sd, 
be  SA.  Os.  lOd.  at  6^  per  cent  ? 

(10)  If  ^556.  17s.  Gd.  be  loaned  for  125  days  and  then 
amount  to  £5Q5.  18s.  9d.,  what  was  the  rate  ? 

(11)  The  interest  on  $8000  for  one  day  is  $2;  find  the 
rate  x^er  cent,  per  annum. 

(12)  Bought  5000  bushels  of  wheat  at  $1.25  a  bushel,  pay- 
able in  6  mouths ;  I  immediately  realized  for  it  at  $1.20 
cash,  and  put  the  money  out  at  interest  at  10  per  it.  At 
the  appointed  time  I  paid  for  the  wheat ;  did  I  gaiu  or  lose 
by  the  transaction,  and  how  much  ? 

(13)  The  interest  on  a  sum  of  money  at  the  end  of  6^ 
years  is  three-eighths  of  the  sum  itself;  what  rate  per  cent. 
was  charged  ? 

(14)  A  sum  of  money  at  simple  interest  has  in  4^  years 
amounted  to  $735,  the  rate  of  interest  being  5  per  cent,  per 
annum  ;  what  was  the  sum  at  first,  and  in  how  many  years 
more  will  it  amount  to  $1140  ? 

(15)  The  interest  on  $1805,  loaned  on  May  13th,  at  5J  per 
cent,  per  annum  is  $07,935  ;  on  what  ,day  was  the  money 
returned  '^ 
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PARTIAL  PAYMENTS 

177.  A  partial  payment  is  the  payment  of  a  part  of 
the  amount  due  on  a  note  or  bond.  When  partial  pay- 
ments are  made  they  are  endorsed  on  the  note  or  bond. 
To  compute  the  interest  on  such  a  note  proceed  accord- 
ing to  the  following  rule  : 

Compute  the  interest  on  the  principal  to  the  time  of  the 
first  payment,  and  if  this  payment  exceed  the  interest  then 
due  add  the  interest  to  the  principal,  and  from  the  sum 
take  the  payment ;  the  remainder  will  form  a  new  princi- 
pal  with  which  proceed  as  before. 

But  if  the  payment  he  less  than  the  interest,  compute  the 
interest  on  the  principal  to  the  time  when  the  sum  .of  the 
payments  shall  first  equal  or  exceed  the  interest  due;  add 
the  interest  to  the  principal,  and  from  the  sum  subtract 
the  sum  of  the  payments,  and  treat  the  remdinder  as  a 
new  principjal. 

This  rule  proceeds  on  the  ground  that  in  all  cases 
the  payment  should  be  applied  first  to  the  interest  due, 
then  to  the  principal,  and  that  the  principal  remains 
unchanged  until  the  sum  paid  exceeds  the  accrued 
interest. 

Ex.  (I).  $4000.  ToEONTo,  June  1,  1872. 

Two  years  after  date  I  promise  to  pay  William  Smith, 
or  order,  four  thousand  dollars,  for  value  received,  with 
interest  at  7  per  cent. 

ElCHAKD   PaYWELL, 

On  this  note  were  the  following  endorsements  : 

Sept.  15,  1872,  Four  hundred  and  fifty  Dollars. 

Pec.  15,  1872,  Fifty  Dollars. 

Mar.  1,  1873,  Five  hundred  Dollars. 

Jr'2.    1,  1874,  One  thousand  Dollars 

What  remained  due  June  4,  1874  ? 
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Principal  on  interest  June  1,  1872 $4000  00 

Interest  to  Sept.  15,  1872 80  89 

Amount   ^4080  89 

Less  1st  payment  450  00 

Remainder  for  a  new  principal   $3630  89 

(  Interest  from  Sept.  15  to  Dec.  15,  1872,  is  ) 
I      363.44,  which  exceeeds  the  payment.          ) 
Interest  from  Sept.  15,  1872  to  March  1, 1873 117  20 

Amount  $3748  09 

Less  the  sum  of  the  2nd  and  3rd  payments       550  00 

Remainder  for  a  new  principal  $3198  09 

Interest  from  March  1, 1873  to  Jan.  1,  1874    186  47 

Amount  $3384  56 

Less  payment  Jan.  1,  1874 1000  00 

Remainder  for  a  new  principal    $2384  56 

Interest  from  Jan.  1  to  June  4,  1874..  70  94 

Balance  due  June  4,  1874   $2455  50 

Examples,  (xcvi) 

(1)  $1500. 

Hamilton,  Jan.  1,  1877. 

One  year  after  date,  we  promise  to  pay  S.  White,  or 
order,  fifteen  hundi-ed  dollars,  with  interest.  Value 
received. 

Geokge  Brown  &  Co. 

The  following  payments  were  made  on  this  note : 
March  16,  1877,  $100  ;  June  13,  1877,  $400  ;  Sept. 
1,  1877,  $200. 
What  was  due  Jan.  1,  1878,  interest  at  6  per  cent.  ? 

(2)  $3500. 

Belleville,  March  15,  1876. 
For  value  received,  we  jointly  and  severally  promise 
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to  pay  Win.  Smith,  or  order,  three  thousand  five  hun- 
dred dollars,  with  interest. 

James  Jones  &  Co. 
Endorsed  as  follows  : 

June  1,  1876,  $800;  Sept.  1,  1876,  $100;  Jan.  1, 
1877,  $1500;  March  1,  1877,  $300. 

What  was  due  May  16,  1877,  interest  at  6  per  cent.  ? 

(3)     $1200. 

Toronto,  Oct.  15,  1859. 

One  year  from  date  we  promise  to  pay  James  Smith, 
or  order,  twelve  hundred  dollars,  for  value  received, 
with  interest. 

Wilder  &  Son. 

Endorsed  as  follows : 

Oct.  15,  1860,  $1000;  April  15,  1861,  $200. 

How  much  remained  due  Oct.  15,  1861,  interest  at  6 
per  cent.  ? 

XXII.   Compound  Interest. 

178.  Compound  Interest  is  that  which  is  paid,  not 
only  for  the  use  of  the  original  sum  lent,  but  also  for 
use  of  the  interest  as  it  becomes  due. 

The  interest  on  $500  for  1  year  at  4  per  cent,  is  $20. 

If  then  $500  be  lent  at  Compound  Interest  for  2 
years  at  4  per  cent.,  the  Interest  for  the  Jirst  year  is 
$20. 

Now,  as  the  borrower  has  to  pay  for  the  use  of  this 
$20,  the  Interest  for  the  second  year  must  be  calculated 
on  $520. 

Hence  Interest  for  second  year  =  |^ -"''-*  =^20.80. 

To  put  the  matter  in  a  more  simple  way,  we  have 
supposed  the  borrower  to  retain  the  interest  due  at  the 
end  of  the  first  year,  but  the  reasoinng  will  be  the  same 
if  we  suppose  the  lender  to  receive  the  interest  at  the  end 
of  the  first  year,  and  to  put  it  out  immediately  at  the 
same  rate  of  interest. 

179.  We  may  calculate  Compound  Interest  by  the 
following  rule: 
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Find  the  interest  for  the  first  year  :  add  it  to  the 
original  principal :  call  the  result  the  Second  Principal : 
find  the  interest  on  this  for  the  second  year  :  add  it  to  the 
second  iwincipal :  call  the  result  the  Third  Principal: 
find  the  interest  on  this  for  the  third  year,  and  so  on. 

Ex.  (1).  Find  the  Compound  Interest  on  $7500  for 
3  years  at  4  per  cent. 

$7500  is  the  Principal  for  the  first  year. 
4 


$300.00 
The  interest  for  the  first  year  is  $300. 
Add  this  to  the  Original  Principal,  $7500. 
Then  $7800  is  the  Principal  for  the  second  year. 

4 


$312.00 
The  interest  for  the  second  year  is  $312. 
Add  this  to  the  Second  year's  principal,  $7800. 
Then  $8112  is  the  Principal  for  the  third  year. 


$324.48 
The  interest  for  the  third  year  is  $324.48. 
.'.  Compound  interest  required  is 

$300+$3124-$324.48=  $936.48. 
If  the  Amount  at  Compound  Interest  be  required,  add 
the  original  Principal,  $7500,  to  the  Compound  Inter- 
est, $936.48. 

Then  Amount  required  =$8436.48. 
Ex.  (2).     What  is  the  compound  interest  of  $250  for 
2  years,  at  7  per  cent..? 

$250  Principal  for  1st  year. 

$250X0.07  =       17.50     Interest  for  the  1st  year. 

267.50     Principal  for  2nd  year. 
$267.50x0.07  =       18.725  Interest  for  the  2d  year.  ■ 

286.225  AinountatCom.Int.for2yrs. 
First  Principal    250.00 

$36,225  Com.  Int.  for  2  years. 
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Examples-    (xcvii) 
Find  tlie  Compound  Interest  on 

(1)  1375  for  3  years  at  5  per  cent. 

(2)  $564  for  4  years  at  7  per  cent. 

(3)  #1154.37  for  4  years  at  5  per  cent. 

(4)  $740  for  5  years  at  7  per  cent. 

Note  I. — When  the  Compound  Interest  is  required 
for  3^  years,  it  is  usual  to  find  the  compound  interest 
for  the  whole  of  the  fourth  year,  and  take  half  the 
result  as  the  compound  interest  for  the  half  year.  This 
really  implies  that  the  interest  is  paid  half-yearly,  but 
the  approximation  does  not  differ  much  from  the  exact 
truth. 

180.  The  process  for  finding  the  Amount  of  a  sum  at 
Compound  Interest  may  be  presented  in  a  very  brief 
and  neat  form  as  follows : — 

If  the  rate  of  interest  be  4  per  cent., 

Amount  of  $100  at  the  end  of  1  year  is  $104, 
of  $1  at  the  end  of  1  year  is  iU  of  ^1- 

Hence  it  follows  that 

Amount  of  any  sum  at  4  per  cent,  in  1  year  =^  IgJ  of  that 
sum. 

Again, 

Amount  for  second  year  =  jS*  of  amount  for  the  first  year; 

.'.  Amount  oiany  sum  at  4  per  cent,  in  2  years 


1  04 
TOO 


of  jgg  of  that  sum. 


Suppose,  then,  we  have  to  find  the  amount  of  $540 
in  3  years  at  4  per  cent,  compound  interest. 

The  amount  is  igg  of  igj  of  fCI  of  $540 
=  $540  X  (1.04)3 

=  $607,426. 

From  the  above  example  it  wiU  be  noticed  that  the 
amount  of  $1  for  a  year  at  4  per  cent,  is  raised  to  the 
power  indicated  by  the  number  of  years  for  which  com- 
pound interest  is  to  be  calculated.  Hence  we  have  the 
followdng  rule: — 

To  find  the  sum  to  which  any  prwcipal  will  amount  if 
put  out  to  Compound  Interest  at  a  given  rate  in  a  given 
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number  of  years,  find  tlie  amount  of  $1  for  a  year  at  the 
given  rate,  raise  that  sum  to  the  power  whi.rli  is  denoted  hy 
the  given  numnher  of  years,  and  multiply  the  result  by  the 
number  of  dollars  in  the  given  priiicipaL 

Ex.  (1).  Find  the  amount  of  $850  in  three  years  at 
6  per  cent,  compound  interest. 

The  Amount  =  $850  X  (1'06)3 
=  $850  X  1-191016 
=  $1012-363. 
The  Compound  Interest  =  $1012-36 --$850 
=  $162.36. 

Note  III. — Wlien  the  number  of  years  is  large  the 
student  is  recommended  to  employ  the  contracted 
method  of  multiplication,  explained  in  Art.  111. 

Interest  may  be  payable  either  yearly,  half-yearly,  or 
quarterly,  or  at  some  other  s^ted  period. 

In  finding  the  Compound  Interest  on  $2000  in  two 
years,  when  the  interest  is  payable  half-yearly ,  at  5  per 
cent.,  we  reason  thus  : 

5  per  cent,  for  a  year  =  2|  per  cent,  half-yearly,  2  years 
=  4  half-years. 

Hence  we  have  to  find  the  Compound  Interest  on 
%^000,  for  four  times  of  payment,  at  2^  per  cent. 
The  Amount  =  $2000  X  (1-025)* 
=  $2000  X  1-1038127 
—  $2207*625 
The  Interest  =  $2207-625 -$2000 
=  $207-625. 

Ex.  (2).  What  Principal  will  amount  to  $1012-363 
in  3  years  at  6  per  cent  ? 

Principal  X  (1-06)3  =  $1012-363 
.•.Prmcipal=$l-?,t|^ 
=    $850. 
Examples    (xcviii) 

(1)  What  is  the  Compound  Interest  on  $1000  for  2  years, 
at  6  per  cent.,  payable  half-yearly  ? 

(2)  What  is  the  amount  of  $200  for  3  years,  at  6  per  cent., 
payable  half-yearly. 

(3)  Find  the  Compound  Interest  on  $675.75  for  3^  years, 
at  6  per  cent,  per  annum. 
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(4)  A  money  dealer  borrowed  $1000  for  2  years,  at  6  per 
cent,  interest;  and  loaned  the  same  in  such  a  manner  as  to 
Compound  the  Interest  every  6  months.  What  profit  did 
he  make  in  2  years  by  this  proceeding  ? 

(5)  Find  the  difference  in  Compound  Interest  on  ^5000 
for  2  years  at  4  per  cent.,  according  as  it  is  reckoned  yearly 
or  half-yearly. 

(6)  What  is  the  difference  between  the  Compound  Interest 
on  #40000  for  4  years,  and  on  $80000  for  2  years,  the  rate  in 
both  cases  being  5  per  cent.  ? 

(7)  A  and  B  lend  each  $248  for  3  years  at   3|  per   cent, 
one  at   Simple,  the  other  at  Compound  Interest;  find  the 
dilference  of  the  amount  of  interest  which  they  respectively*' 
receive. 

(8)  What  sum  at  four  per  cent.  Compound  Interest  will 
amount  in  2^  years  to  $16989 '7728. 

(9)  What  sum  will  amount  to  $27783  in  3  years  at  5  per 
cent.  Compound  Interest.     • 

XXIII.    Present  Worth  and  Discount. 

181.  Suppose  A  owes  B  $105,  to  be  paid  at  the  end 
of  a  year.  If  A  be  disposed  to  pay  off  the  debt  at  once 
the  sum  which  he  ought  to  pay  should  be  such  that,  if 
put  out  at  interest  by  B,  it  will  amount  at  the  end  of  a 
year  to  $105.  Suppose  further  that  B  can  put  out  his 
money  at  5  i>er  cent,  interest :  then  if  he  put  out  $100 
at  interest,  this  is  the  sum  which  will  amount  at  the 
end  of  a  year  to  $105. 

Hence  $100  is  the  sum,  which  A  ought  to  pay  at 
once,  and  this  is  called  the  Present  Worth  of  the  debt, 
and  is  evidently  such  a  sum  as  would,  if  put  out  to  in- 
terest for  the  given  time  and  rate,  amount  to  the  debt. 
The  dilference  between  the  Debt  and  the  Present  Worth, 
which  is  in  the  case  under  consideration  $5,  is  called 
the  Discount. 

Discount  is  therefore  the  abatement  made  when  a 
sum  of  money  is  paid  before  it  is  due  and  is  equal  to 
the  interest  on  the  Present  Worth  of  the  Debt. 

Ex.  (1).  Thus,  to  find  the  Present  Worth  of 
$1781.40,  due  4  years  hence,  reckoning  interest  at -6 
per  cent. 
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The  Interest  on  flOO  for  4  years  at  5  per  cent,  is  ^20. 
.-.  $V2.0  has  for  its  Present  Worth  $100  ; 
.-.  $1      has  for  its  Present  Worth  | jj »  ; 
.-.  $1781.40  has  for  its  present  worth  $  LL8_bl?^^.Lo_o 
=  $1484.50. 
.*.  Present  Worth  required  is  $1484.50. 
Ex.  (2).  Find  the  Discount  on  $1781.40, due  4  years 
hence,  reckoning  interest  at  5  per  cent. 

The  Present  Worth  is  $1484.50,  as  we  have  just  shown  ; 
.-.the  Discount^  $1781.40 -$1484.50 
=  $296.90. 
When  the  Discount  alone  is  required  to  be  found  the 
following  is  the  solution  : 

The  Interest  on  $100  for  4  years  at  5  per  cent,  is  $20. 
. •.  $120  has  for  its  Discount  $20  ; 
.-.  $1      has  for  its  Discount  $-f^^  ; 
.-.  $1781.40  has  for  its  Discount  $ll-8-V-4_o^2o 
=  $296.90. 

Ex.  (3).  What  was  the  debt  of  which  the  discount 
for  8  months  at  9  per  cent,  was  $44.40  ? 

The  interest  on  $100  for  8  months  at  9  per  cent,  is  $6. 
.-.  $6  is  the  discount  on  $106 
.*.  $1  is  the  discount  on  $  -|- 
.-.  $44.46  is  the  discount  on  $tli^i<-ii« 
=  $785-46. 

Ex.  (4).  The  interest  on  a  certain  sum  of  money  for 
two  years  is  $50,  and  the  discount  for  the  same  tin^o 
and  rate  in  $45.  .Find  the  sum  and  the  rate  per  ceni'. 
per  annum. 

Since  $50  is  the  interest  on  a  sum  of  money  which  sum 
=  (its  Present  Worth  +  its  Discount) 
=  (its  Present  Worth  +  $45) 
and  $45  is  the  interest  on  its  Present  Worth, 

.*.  $5  is  the  interest  on  $45 

.-.  $1  is  the  interest  on  $Y  ; 
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.-.  $50  is  the  interest  on  ^^^J^^  or  $450, 

5 

.'.  $450  is  the  sum  required. 
Again,  the  interest  on  $45  for  2  years  is  |5. 
.*.  the  interest  on  |45  for  1  year  is  $| ; 
.-.  the  interest  on  $1  for  1  year  is  $4g^^2  ' 
.-.  the  interest  on  $100  for  1  year  ^^~~ 

=  $5|. 
.*.  the  rate  is  5|  per  cent. 
Note  I. — From  the  above  it  will  be  seen  that  the  Dis- 
count on  any  sum  is  the  Present  Worth  of  the  interest 
of  that  sum  for  the  same  time  and  rate :  thus  $45  is 
the  Present  Worth  of  $50  for.  two  years  at  a  certain 
rate  per  cent. 

Ex.  (5).  If  $20  be  allowed  off  a  bill  of  $420  due  in 
6  months,  how  much  shall  be  allowed  off  the  same  bill 
due  in  12  months  ? 

$20  is  the  discount  off  $420  for  6  months  ; 

$20  is  the  interest  on  $400  for  6  months  ; 

$40  is  the  interest  on  $400  for  12  months  ; 

$40  is  the  discount  off  $440  for  12  months  ; 

$4^05-  is  the  discount  off  $1  for  12  months  ; 

^42^x40  jg  ^Yie  discount  off  $420  for  12  months. 

440 

Now$ii^^-^il^  =  $38.2 

4  40 

.*.  the  Discount  required  is  $38^^. 
Note  II. — The  student  will  observe  that  the  Discount 
is  not  proportional  to  either  the  time  or  the  rate. 

Ex.  (6).  If  $15  be  the  Interest  on  $115  for  a  given 
time,  what  should  be  the  Discount  off  $115  for  the 
same  time  : 

$15  is  the  interest  on  $116  ; 
.-.  $15  is  the  discount  off  $130  ; 
.*.  $yV(T  is  tbe  discount  off  $1 ; 
.-.  $11^^  is  the  discount  off  $115. 
Now  lij^  =  13/^. 
,•.  the  Discount  required  is  $18|^. 
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Ex.  (7).  If  $10  be  allowed  off  a  bill  of  $110  due  8 
months  hence,  what  should  be  the  bill  from  which  the 
same  sum  is  allowed  as  4  months  discount: 
$10  is  the  discount  off  $110  for  8  months  ; 
.*.  $10  is  the  interest  on  $100  for  8  months  ; 
.-.  $10  is  the  interest  on  $200  for  4  mouths  ; 
.-.  $10  is  the  discount  off  $210  for  4  months  ; 

.*.  the  sum  required  is  $210. 
Ex.  (8).  Find  the  present  worth  of  $842.70  for  two 
years  at  6  per  cent.  Compound  Interest. 

The  compound  interest  on   $100  for  2  years  at  6  per  cent, 
is  $12.36. 

.-.  $112.36  has  for  its  present  worth  $1  H)  ; 
.-.  $1  has  for  its  present  worh  ^7777^6  5 

.-.  $842.70  has  for  its  present  worth  $8±2-7-|-|J  00. 

=  $750. 
.*.  Present  worth  required  =  $750. 

Examples-    (xcxix) 
Find  the  Present  Worth  of 

(1)  $5520,  due  4  years  hence,  at  5  per  cent. 

(2)  $34.70,  due  2^  years  hence,  at  9  per  cent. 

(8)  $615,  due  1  year  4  months  hence,  at  7  per  cent. 

(4)  $1120,  due  16  months  hence,  at  5  per  cent. 

(5)  £618.  2s.  6d.,  due  3f  years  hence,  at  4  per  cent. 
Find  the  Discount  on 

(6)  $636,  due  in  9  months,  at  8  per  cent. 

(7)  $1884.30,  due  in  8^  years,  at  10  per  cent. 

(8)  $037.50,  due  in  5^  years,  at  5  per  cent. 

(9)  £1165.  16s.  3d.,  du#in  2^  years,  at  6  per  cent. 

(10)  £252.  19s.  3d.,  due  in  9  months,  at  4^  per  cent. 

(11)  Find  the  present  worth  of  $6945.75,  due  3  years 
hence,  reckoning  compound  interest  at  5  per  cent. 

(12)  Find  the  discount  on  $245.25,  due  i;^  years  hence,  at 
5^  per  cent,  compound  interest,  payable  quarterly. 

(13)  A  tradesman  accepts  $19*3125  in  payment  of  a  debt 
of  $20|^J,  due  in  12  months,  in  consideration  of  being  paid 
at  once.     What  rate  of  discount  does  he  allow  ? 
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(14)  Find  the  present  worth  of  a  bill  for  $1127.10  drawn 
Jan.  1  at  4  months,  and  discounted  Feb.  20  at  10  per  cent, 
per  annum. 

(15)  The  discount  on  $275  for  a  certain  time  is  $25  ;  what 
is  the  discount  on  the  same  sum  (1)  for  twice  that  time,  and 
(2)  for  half  the  time? 

(16)  A  tradesman  marks  his  goods  with  2  price'^,  one  for 
cash  and  the  other  for  credit  of  6  months  ;  what  relation 
should  the  two  prices  bear  to  each  other,  allowing  intpvnv.t 
at  7^  per  cent.?  If  the  credit  price  of  an  article  be  $33.20, 
what  is  the  cash  price  ? 

(17)  If  $98  be  accepted  in  present  payment  of  $128,  ("ue 
some  time  hence,  what  should  be  a  proper  discount  o.f  a 
bill  of  $128  which  has  only  half  the  time  to  run  ? 

(18)  A  certain  sum  ought  to  have  $20.80  allowed  as  8 
months  interest  on  it  ;  but  a  bill  for  the  same  sum  due  in  8 
months  at  the  same  rate,  should  have  $20  only  allowed  oft 
as  discount  in  consideration  of  present  payment.  What  is 
the  sum  and  the  rate  per  cent.  ? 

182.  The  Discount,  of  which  we  have  been  treating, 
is  called  Mathematical  Discount  or  True  Discount,  to 
distinguish  it  from  Practical  Discount,  of  which  there 
are  two  kinds: 

(1)  The  deduction  made  by  a  trader,  when  an  account 
is  paid  to  him  before  the  time  when  he  proposes  to 
demand  payment.  It  is  then  calculated  as  interest  on 
the  account.  Thus  if  a  trader  gives  notice  on  his  bill 
that  he  will  allow  10  per  cent,  discount  for  immediate 
payment,  and  if  the  amount  of  the  bill  be  $25.5),  he 
deducts  $2.55,  and  the  customer  pays  him  $22.95. 

(2)  The  deduction  made  by  a  lender  of  money  fr  )m 
the  sum  which  he  proposes  to  lead.  Thus  if  a  borrower 
binds  himself  by  a  bill  to  pay  $100  a  year  hence,  and  a 
discounter  advances  money  on  the  security  of  this  bill, 
at  the  rate  of  5  per  cent.,  he  gives  to  the  holder  of  the 
biU  $95,  and  takes  the  bill. 

True  Discount  is  the  Interest  on  the  Present  Worth 
of  a  debt.  Practical  Discount  is  the  Interest  on  the 
Debt  itself.  Hence  Practical  Discount  is  greater  than 
True  Discount. 
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183.  Three  days,  called  Days  of  Grace,  are  ahvays 
allowed,  after  a  bill  of  exchange,  or  a  promissory  note  is 
7wminallij  due  before  it  is  legally  due.  Thus  a  bill 
drawn  on  July  o,  for  3  months  would  be  nominally  due 
on  Oct.  5,  but  legally  on  Oct.  8.  Calendar  months  are 
always  reckoned  so  that  a  bill  of  3  months  whether 
drawn  on  the  28th,  29th,  or  30th  of  Nov.  1876,  would 
be  due  on  the  3rd  of  March  1877.  The  banker  or 
money  lender  who  discounts  a  note  always  charges 
interest  on  the  note  from  the  time  it  is  discounted  till  it 
is  legally  due  ;  hence  in  computing  Practical  Discount 
of  this  nature  interest  must  be  calculated  for  3  days 
more  than  the  time  the 'note  has  to  run. 

Ex.  (1).  What  would  a  banker  gain  by  discounting  on 
Sept.  21  a  bill  of  $318.15,  dated  July  31,  at  4  months  at  5 
per  cent.  ? 

The  biU  is  legally  due  on  Dec.  3. 

The  number  of  days  from  Sept.  21  to  Dec.  3  is  73. 

The  interest  on  $318.15  for  73  days  at  5  per  cent,  is 
$3.1815. 

The  Mathematical  discount  is  S3. 15. 
.•.  the  banker's  gain  is  $.0315. 

Ex.  (2).  A  merchant  wishes  to  borrow  $96.91  on  a 
bill  maue  on  July  5  for  3  months.  What  must  be  the 
face  of  the  bill,  interest  being  reckoned  at  8^  per  cent.  ? 

Time  between  July  5  and  Oct.  8  is  95  days. 

Interest  on  $100  for  95  days  at  8^  per  cent,  is  $2^. 

.-.  a  note  for  $100  would  produce  $97f  ; 

.*.  a  note  for  $--— -  would  produce  $1 ; 
97^ 

.-.  a  note  for  $?^:?i^J^  would  produce  $96.91. 

Now  $5^:51X100  J^^g 
.*.  the  face  of  the  note  is  $99. 

Examples-    (c) 

(1)  What  is  the  difference  between  the  true  and  the  bani- 
discount  of  $950  for  3  mos.  at  7  per  cent.  ? 
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(2)  A  bill  is  drawn  for  $722.70  on  July  17  at  2  months, 
and  discounted  on  Aug.  11  at  7j  per  cent.;  how  much  did 
the  holder  receive  ? 

(3)  Find  the  discount  charged  in  discounting  a  bill  for 
$7850  drawn  A.pril  9  at  7  months  and  discounted  June  19th 
at  10  per  cent. 

(4)  For  what  sum  must  a  note  be  drawn  on  July  3,  at  3 
months,  so  that  discounted  immediately  it  may  produce 
$501.69,  money  being  worth  7  per  cent.  ? 

(5)  Find  the  difference  between  the  true  and  bank  dis- 
counts on  $5555  at  6  per  cent,  for  1  year. 

EXAMINATION  PAPERS, 
I. 

(1)  Explain  the  difference  between  Simple  and  Compound 
Interest.  Find  the  Interest  on  $25000  for  three  years  at  4 
per  cent,  supposing  Interest  to  make  Capital  at  the  end  of 
each  year. 

(2)  The  difference  between  the  Compound  and  Simple 
Interest  of  a  certain  sum  of  money  for  3  years  at  4  per 
cent,  is  $3.80.     Find  the  sum. 

(3)  Find  at  what  rate  Simple  Interest  in  two  years  a  sum 
of  money  would  amount  to  the  same  sum  as  at  4  per  cent. 
Compound  Interest. 

(4)  Find  the  Compound  Interest  on  $1000  at  3  per  cent, 
per  annum  for  2  years  and  195  days. 

(5)  A  person  puts  out  to  interest  $8000  at  4  per  cent. ;  he 
spends  annually  $300,  and  adds  the  remainder  of  his  divi- 
dend to  his  stock.     What  is  he  worth  at  the  end  of  5  years  ? 

II. 

(1)  Explain  the  distinction  between  true  discount  and 
bank  discount.  Does  the  creditor  or  the  debtor  gain  by 
computing  the  interest  intoad  of  the  discount  ? 

(2)  Find  the  discount  on  $400,  duo  one  year  hence,  if 
money  bear  interest  ;it  5  \)ov  cout.  j)e]-  ai)iuim.  Calculate 
the  interest  on  lliis  discount  fo7'  i\^^^  samc^  time,  and  show 
that  it  is  equal  to  the  diffei'once  between  the  interest  and  the 
discount  of  $400. 

(3)  If  £10  be  the  interest  on  £110  for  a  given  time,  what 
should  be  the  discount  of  £110  for  the  same  time  ? 
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(4)  What  must  be  the  rate  of  interest  in  order  that  the 
discount  on  #10292  payable  at  the  end  ui  1  year  73  days 
may  be  $372  ? 

(5)  A  tradesman  who  is  ready  to  allow  5  per  cent,  per 
annum  Compound  Interest,  for  ready  money,  is  asked  to 
give  credit  for  two  years.  If  he  charge  $110.25  in  his  bill, 
what  ought  the  ready  money  price  to  have  been  ? 

III. 

(1)  A  speculator  borrowed  $5000,  which  he  immediately 
invested  in  land.  Six  months  afterwards  he  sold  the  land 
for  $7500,  on  a  credit  of  12  months,  with  interest.  Money 
being  at  6  per  cent.,  what  is  the  speculator's  profit  at  the 
end  of  12  months,  at  which  time  he  pays  $5000  ? 

(2)  A  merchant  bought  43  cwt.  3  qr.  of  sugar  at  $5.25  per 
cwt.,  which  he  immediately  sold  at  $7  per  cwt.,  on  a  credit 
of  90  days,  and  then  had  the  purchaser's  note  for  the  amount 
discounted  in  the  bank,  at  6  per  cent.  What  profit  did  the 
merchant  make  ? 

(3)  Find  the  present  worth  of  $1000  due  2^  years  hence 
at  5  per  cent,  per  annum  ;  and  show  that  the  discount  of 
the  given  sum  is  equal  to  the  present  worth  for  the  sama 
time  and  at  the  same  rate  of  interest  ? 

(4)  A  man  having  lent  $10000  at  5  per  cent,  interest,  pay- 
able half-yearly,  wishes  to  receive  his  interest  in  equal  por- 
tions monthly,  and  m  advance  ;  how  much  ought  he  to 
receive  every  month  '? 

(5)  Show  that  the  interest  on  £2G6.  13s.  4d.  for  three 
months,  at  41  per  cent,  per  annum,  is  equal  to  the  discount 
of  ^83  for  15  mos.  at  3  per  cent,  per  annum. 

IV. 

(1)  How  much  may  be  gained  by  hiring  money  at  5  %  to 
pay  a  debt  of  f  6400,  due  in  8  months,  allowing  the  present 
worth  of  this  debt  to  be  reckoned  by  deducting  6  %  per 
annum  discount? 

(2)  The  difference  between  the  simple  and  compound 
interests  of  a  sum  of  money  for  3  years  at  8  per  cent,  ic 
$985.60.     What  is  the  sum  ? 

(3)  The  interest  on  a  certain  sum  of  money  for  two  years 
is  £71  IQs.  7^d.,  and  the  discount  on  the  same  sum,  for  the 
game  time,  is  ^63  17s.,  simple  interest  being  reckoned  in 
both  cases.  Find  the  rate  per  cent,  per  annum,  and  the 
sum. 
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(4)  A  offers  08000  for  a  farm ;  B  offers  09500,  to  be  paid 
at  the  end  of  4  years.  Which  is  now  the  better  offer,  and 
by  how  much,  allowing  5  per  cent,  compound  interest? 

(5)  A  person  borrows  money  at  6  per  cent,  per  annum, 
and  pays  the  interest  at  the  end  of  the  year ;  he  lends  it  out 
at  8  per  cent,  per  annum,  payable  quarterly,  and  receives 
the  interest  at  the  end  of  the  year ;  by  this  means  he  gains 
$269*18592  a  year.     How  much  did  he  borrow  ? 

XXIV.    Equation  of  Payments- 

184.  When  several  sums  of  money  are  due  from  A  to 
B,  payable  at  different  times,  it  is  often  required  to  find 
the  time,  called  the  Equated  Time,  at  which  all  may  be 
paid  together,  without  injustice  to  A  or  B. 

When  great  exactness  is  demanded,  interest  must  be 
added  to  the  sums  paid  after  they  are  due,  and  discount 
subtracted  from  the  sums  paid  before  they  are  due. 
But  in  practice  the  following  rule  is  sufficiently  accu- 
rate: 

Multiply  each  debt  hy  the  numher  of  days  [or  months] 
after  wh  ich  it  is  due  :  add  the  results  together :  divide  this 
sum  hy  the  sum  of  the  debts :  the  quotient  will  he  the  num- 
ber of  days  [or  months']  in  the  equated  time.      , 

Take  the  following  Examples : 

Ex.  (1).  If  $300  be  due  from  ^  to  ^  at  the  end  of 
5  months,  and  $700  at  the  end  of  9  montlis,  when  may 
both  sums  be  paid  in  a  single  payment  without  unfair- 
ness to  A  or  to  B? 


Number  of  months  in  equated  time  = 


300X6+700X9 


300+700 
_    7  8  0  0 
~  TTTDIT 
_    7  8 
TIT 


.*.  the  whole  amount  of  the  debt  should  be  paid  at  the  end 
of  7^  mionths. 

The  principle  on  which  this  solution  depends  is,  that 
tlie  interest  of  the  money,  the  payment  of  which  is  de- 
layed beyond  the  time  at  which  it  is  due,  is  equal  to  the 
interest  of  that  which  is  to  be  paid  before  it  becomes 
due. 
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In  the  above  example  $300  is  kept  2f  months  after 
it  is  due,  and  the  interest  on  it  for  that  time  is  the  same 
as  the  interest  on  $840,  $(300  x  2f ),  for  one  month. 

But  $700  is  paid  1^  mon4!fis  before  it  is  due,  and  the 
interest  on  it  for  that  time  is  the  same  as  the  interest 
on  $840,  $(700  x  1^)  for  one  month. 

Ex.  (2).  ^  is  indebted  to  B  in  the  following 
amounts :  $500  due  in  6  months ;  $600  due  in  7 
months  ;  and  $800  due  in  10  mouths.  Fnid  the  time 
when  all  these  payments  should  be  made  together. 

500  X  6  =  3000 
600  X  7  =  4200 
800   X   10  =    8000 


1900  1900)15200 

8 
*.  the  equated  time  is  8  months. 

Note. — This  method  is  but  a  rough  approximation, 
and  can  only  be  taken  as  eq  litable  when  the  various 
times  of  payment  are  not  widely  apart.  It  will,  in 
short,  be  applicable  only  to  cases  which  occur  in  the 
ordinary  course  of  trade,  and  is  therefore  all  that  we 
require  in  the  present  work. 

It  is  also  to  be  observed  that  the  error  involved  in  this 
method  is  slujhtlij  in  favour  of  the  payer,  because  interest 
is  calculated  on  the  payments  made  before  they  are  due, 
instead  of  discount,  in  the  algebraical  process,  from 
which  the  method  is  derived.     See  Appendix. 

Examples,    (ci) 
What  is  the  equated  time  of 

(1)  $250  due  4  months  hence,  and  $350  due  10  months 
hence. 

Find  the  equated  time  of 

(2)  $300  due  3  months  hence,  $400  due  4  months  hence, 
aud  $500  due  6  months  hence. 

(3)  Of  a  debt  of  $1400,  $100  ia  due  immediately,  $600  at 
the  end  of  1  month,  $400  at  the  end  of  7  months,  and  the 
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remainder  at  the  end  of  a  year.     At  what  time  might  the 
whole  debt  fairly  be  paid  in  one  sum  ? 

(4)  A  grocer  ought  to  receive  from  a  customer  $50  at  the 
end  of  2  months,  ^30  at  the  ^d  of  4  months,  and  $20  at  the 
end  of  6^  months.  What  would  be  the  proper  time  for  re- 
ceiving the  whole  sum  together  ? 

(6)  A  debt  is  to  be  paid  as  follows :  One-sixth  now,  and 
one-sixth  every  3  months  until  the  whole  is  paid.  When 
might  the  whole  debt  be  paid  at  once  ? 

(6)  If  $450  be  due  in  16  months,  and  $250  be  due  in  13^ 
months  ;  find  the  sum  which  if  paid  now  would  be  equiva- 
lent to  the  whole  debt  at  the  equated  time,  interest  at  4  per 
cent. 

(7)  There  is  due  to  a  merchant  S8Q0,  one-sixth  of  which 
is  to  be  paid  in  2  months,  one-third  in  3  months,  and  the 
remainder  in  6  months ;  but  the  debtor  agrees  to  pay  one- 
half  down.  How  long  may  he  retain  the  other  half  so  that 
neither  party  may  sustain  loss  ? 

(8)  A  sold  goods  to  B  at  sundry  times,  and  on  different 
terms  of  credit  as  follows:  Sep+,.  30,  1868,  $80.75,  on  4 
months  credit;  Nov.  3,  1868,  $150,  on  5  months  credit ;  Jan. 
1,  1869,  $30.80,  on  6  months  credit;  March  10,  1869,  $40.50, 
on  5  months  credit;  April  25,  1869,  $60.30,  on  4  months 
credit ;  how  much  will  balance  the  account  June  2,  1869  ? 

(9)  A  owes  B  on  the  ]  st  of  March  the  following  sums  : 
£140  due  on  20th  of  April,  £120  due  on  14th  of  May,  £380 
due  on  15th  of  June,  On  what  day  may  B  pay  these  debts 
together  ? 

(10)  M"  buys  goods  of  iV,  and  has  6  months'  credit  from 
the  date  of  invoice.  The  goods  are  doliv(  red  on  6  different 
days,  to  the  following  amount  :  £101.  14s.  lOd.  on  Aug.  8, 
£144.  2.S.  lOd.  on  Sept.  5,  £303.  18s.  lOd.  on  Sept.  18,  £757. 
Os.  Sd.  on  Nov.  13,  £123.  lis.  6d.  on  Nov.  28,  £123.  lis.  6d. 
on  Dec.  5.  On  the  13th  January,  N,  who  desires  to  receive 
all  the  debts  in  one  payment,  reckons  that  this  payment 
should  be  made  in  103  days.  Show  that  this  is  approximately 
correct. 

EQUATION  OF  ACCOUNTS 

185.  Equation  of  Accounts  (also  called  "Averaging 
of  Accounts  "  and  "  Compound  Equation  of  Payments  ") 
is  the  process  of  finding  at  what  time  the  balance  of  an 
account  can  be  paid  without  gain  or  loss  to  either  party. 
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The  Balance  of  an  Account  is  the  difference  between 
the  two  sides  of  it  aud  is  what  one  owes  the  other. 


Ex. 

Dr. 


A  in  Account  with  B. 


Cr. 


1877. 

1 

1877. 

Jan.    1 

To  Mdse 

$500.00 

Feb.  10 

By  Cash 

$1000.00 

Feb.    4 

((       (( 

600.00 

Mar.   4 

» 

600.00 

Mar.  10 

((       (( 

800.00 

Jan.  1,  500 X  0=  0 
Feb.  4,  600X34=20400 
Mar.  10,  800x68=54400 


1900) 


74800(39^ 
5700 

17800 
17100 


700 
39  days  from  Jan.  1  is  Feb.  9. 
Due  Feb.  9 $1900 


Feb.  10,  1000X00=         0 


1600) 


13200(8i 
12800 


400 


8  days  from  Feb.  10  is  Feb.  18. 
Due  Feb.  18 $1600 


If  the  account  be  settled  on  Feb.  9  it  is  evident  the 
credits  would  have  been  paid  9  days,  or  the  time  from 
Feb.  9  to  Feb.  18,  before  they  are  due.  This  would 
have  been  a  loss  of  interest  to  the  credit  side  and  a  cor- 
responding gain  to  the  debit  side.  Now  as  the  settle- 
ment should  be  one  of  equity  we  find  how  long  it  will 
take  the  balance,  $300,  to  gain  the  same  interest  that 
$1900  would  in  9  days. 

If  $1900  gain  a  certain  interest  in  9  days, 

$1  will  gain  the  same  interest  in  1900X9  days, 
and  $300  will  gain  the  same  interest  in  LlMJi^   oj.57  days. 

300  *' 

Hence  the  balance  became  due  57  days  before  Feb. 
19,  or  on  Dec.  24. 

Note. — Fractional  parts  of  a  day  are  not  counted, 
unless  the  fraction  amounts  to  haK  a  day  or  upwards ; 
it  then  counts  another  day. 
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Hence  we  have  the  following  rule  : 

First  find  the  equated  time  for  each  side  of  the  account 
separately.  Then  niultiply  the  amount  due  on  that  side 
which  falls  due  fikst,  hy  the  number  of  days  between  the 
dates  of  the  equated  timt's,  and  divide  th?  product  by  the 
halcmce  of  the  account.  The  quotient  will  be  the  number 
of  days  to  be  counted  forward  from  the  latest  date 
when  the  smaller  side  oj  the  account  falls  due  first  ;  and 
BACKWARD  whcn  the  larger  side  falls  due  first. 

Examples,  (cii) 
(1)  Average  the  following  account: 
Dr.  J.  Hughes  in  account  with  S.  Adams.  Cr. 


1875. 

1875. 

July    4 

To  Balance 

$375.90 

Aug.  10 

By  Cash 

$316.00 

Aug.  20 

"  Mdse. 

815.58 

Sept.   1 

(<               C( 

675.00 

Aug.  29 

((       (( 

178.25 

Sept  25 

*'  Mdse. 

512.25 

Sept  25 

((       (( 

387.20 

Nov.  20 

"  Cash 

161.75 

Dec.    5 

((       it 

418.70 

Dec.    1 

((       (( 

100.00 

(2)  When  is  the  balance  of  the  following  account  due  ? 
Dr.  a.  B.  Conron.  Cr. 


1877. 

1877. 

Sep. 12 

To  Mdse.  at  30  days 

t927.30 

Oct.  10 

By  Cash 

$500.00 

Oct.  15 

30     " 

342.75 

Nov  20 

*'       " 

300.00 

Nov  18 

u        *'         60     '♦ 

212.13 

Nov  30 

U              44 

250.00 

Dec.  1 

u        »«         30     " 

175.50 

(3)  When  did  the  balance  of  the  following  accounts  be- 
come due,  the  merchandise  items  being  on  6  months  ? 

Dr.     J.  Green  in  account  with  Adam  Miller  &  Co.     Cr. 


1876. 

1876. 

March    1 

To  Mdse. 

$720.75 

April    1 

By  Cash 

$700.00 

"      20 

815.30 

May  30 

"  Mdse 

569.89 

April     11 

587.80 

July  20 

"  Cash 

500.00 

"      30 

300.00 

Sept.  25 

*'       " 

100.00 

Juno     15 

625.25 

"      30 

"  Mdse 

750.20 

July     18 

560.00 

Oct.    30 

((       (( 

329  96 

Aug.     80 

«       (< 

684.90 

Nov.  20 

((       (( 

600.00 

Sept.    25 

U             «( 

365.30 
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XXV.    Averages  and  Percentages. 

186.  The  average  of  two  or  more  groups  of  numbers 
is  found  by  adding  the  numbers  together  and  dividing 
the  sum  by  the  number  of  groups. 

Thus  to  find  the  average  of  13,  15,  74,  23,  6,  and  31, 
we  find  the  sum  of  the  numbers  to  be  162,  and  as  the 
number  of  groups  is  6,  the  average  will  be  162  -^  6, 
or  27. 

Note. — Express  any  remainder,  which  may  occui-, 
decimally. 

Examples,    (ciii) 

(1)  Find  the  average  of  14,  26,  9,  18,  13,  24,  27,  39. 

(2)  Find  the  average  of  1600,  276,  974,  0,  236,  845,  1239. 

(3)  Fitid  the  average  population  of  three  towns,  consisting 
respectively  of  34729,  46238  and  87296  inhabitants. 

(4)  Find  the  average  of  15^,  36f ,  17|,  0,  lOf,  74i,  28^, 
and  33. 

(5)  Find  the  average  of  12^,  21,  7^,  -034,  3^,  0,  24i  and 

PERCENTAGES. 

187.  Business  men  regulate  their  afi'airs  and  calcu- 
late their  profits  and  losses  with  reference  to  100  as  a 
standard,  hence  there  are  other  applications  of  the  term 
Per  Cent,  besides  those  already  given. 

When  we  speak  of  an  agent  getting  8  per  cent,  as  a 
commission  on  the  management  of  an  estate,  we  mean 
that  from  every  $100  collected  he  deducts  $3  to  remu- 
nerate himself  for  the  troublS  of  collection. 

When  we  read  that  the  population  of  a  town  has 
increased  15  per  cent,  since  the  last  census,  we  mean 
that  if  the  number  of  inhabitants  then  had  been  divided 
into  groups  of  100,  and  the  number  of  inhabitants  now 
into  groups  of  115,  the  number  of  groups  would  be  the 
same  in  both  cases. 
Ex.  (1).  How  much  is  3  per  cent,  on  $1479  ? 
Since  $100  yields  $3, 
$1  yields, $Y§Ty 
ftl479  yields  ^^^^  or  $44-37. 
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Ex.  (2).  The  number  of  boys  in  a  school  hicreases  in 
a  certain  period  from  125  to  180,  what  is  the  incre&se 
per  cent.  ? 

On  125  the  increase  is  55. 

On  1  the  increase  is  /^V 

On  100  the  increase  is  ^-^^^^  or  ^^?  or  44  ; 
.*.  the  increase  is  44  per  cent. 

Examples-    (civ) 

(1)  Find  5  per  cent,  of  $2400  ;  8  per  cent,  of  3475  horses. 

(2)  How  much  per  cent,  is  25  parts  out  of  75  ;  178  out  of 
8900  ;  ^  out  of  i  ? 

(3)  The  population  of  London  proper  decreased  33*11 
per  cent,  between  1861  and  1871 ;  in  1861  it  was  113,387  ; 
find  what  it  was  in  1871. 

(4)  How  much  per  cent,  is  9d.  in  the  pound  ;  12^  cents  in 
the  dollar  ;  $3  in  every  $20  ? 

(5)  Find  the  number  of  which  21  is  7  per  cent.;  750  is  3J 
per  cent.;  215  is  '005  per  cent. 

COMMISSION  AND  BROKERAGE. 

188.  Commission  is  the  charge  made  by  an  agent  for 
buying  or  selling  goods,  and  is  generally  a  percentage 
on  the  money  engaged  in  the  transactioji. 

Brokerage  is  the  charge  made  by  a  broker  for  buying 
or  selling  stocks,  bills  of  exchange,  &c. 

In  computing  Commission  care  must  be  taken  to  cal- 
culate it  on  the  money  actually  employed  in  the  busi- 
ness. 

Ex.  (1).  M}'-  agent  ha;s  purchased  wheat,  on  my 
account,  to  the  amount  of  $18768.  What  is  his  com- 
mission at  If  per  cent.? 

The  commission  on  $100  is       #1.75  ; 


$1  is  $j-^^ 

$18768  is  % 


1  87  68  X  1.76 


100 

=  #328.44  Com.  required. 

Hence  the  following  rule  may  be  used  : 

Multiply  the  given  sum  hy  the  rate  per  cent,  and  divide 
the  product  by  lOOy  and  the  result  is  the  Commission  or 
Brokerage. 
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Ex.  (2).  I  send  my  agent  $1827  with  instructions  to 
deduct  his  commission  at  1-|-  per  cent.,  and  invest  the 
balance  in  silk,  how  much  did  he  invest  ? 

Since  the  Commission  on  $100  is  $1.50, 
out  of  1101.50  he  can  invest  $100. 
«      $1  "  $iA'& 

"         $1827  "  d!.1827XlOO 


101.60 

=  $1800,  sum  required 

If  in  the  above  question  the  Commission  is  required, 
we  reason  as  follows  : 


On  $101.50  the  Commission  is  $1.50. 


"     $1827  "  "  ftl827Xl.50 

^  ^        101.60 

=$27 
.*.  The  Commission  required  is  $27. 

Examples-  (cv) 

Find  the  Commission  on 

(1)  $7600  at  If  per  cent.     (2)  $5600  at  12^  per  cent 

Find  the  Brokerage  on 

(3)  $2364  at  ^  per  cent.     (4)  $375  at  .5  per  cent. 

(5)  An  agent  collected  rents  to  the  amount  of  $578  and 
his  Brokerage  amounted  to  $26.01  ;  what  was  the  rate? 

(6)  Sent  $3377  to  my  agent  to  invest  after  deducting  his 
Commission  at  2^  per  cent ;  what  was  his  Commission  ? 

(7)  What  is  the  ready  money  payment  of  p,u  account 
amounting  to  $7680,  allowing  a  discount  of  2^  per  cent.  ? 

(8)  A  receives  a  consignment  of  wheat  from  B.  He  is  to 
sell  it  on  a  commission  of  2  per  cent.,  and  invest  the  pro- 
ceeds in  silk,  after  deductino^  his  commission  on  this  new 
transaction  at  4  per  cent.  A's  total  commission  was  $600. 
What  sum  did  he  invest  ? 

(9)  What  amount  of  money  was  invested,  when  the 
broker's  charges  at  1^  per  cent  amounted  to  $576. 

(10)  Gave  $20050  to  a  broker  to  invest,  with  instruction, 
after  deducting  his  brokerage  at  ;^  per  cent.,  to  invest  the 
balance  in  Government  bonds.  What  will  be  the  sura  in* 
vested,  and  how  much  will  be  the  brokerage  ? 
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INSURANCE. 

189.  Insurance  is  security  guaranteed  by  one  party, 
on  being  paid  a  certain  sum,  to  another  against  any  loss. 

The  Premium  is  the  sum  paid  for  Insurance.  It  is 
always  a  certain  per  cent,  of  the  sum  insured. 

The  Policy  is  the  written  contract  of  Insurance. 

Note. — As  the  Premium  is  always  so  much  per  cent,  of  the 
sum  insured  it  is  found  by  the  same  rule  as  Commission. 

What  sum  should  be  insured  at  4  per  cent.,  on  goods 
worth  $2940,  that  the  owner  may  receive,  in  case  of 
loss,  the  value  both  of  goods  and  premium  ? 
Since  the  premium  on  $100  at  4  per  cent,  is  $4, 
$96  worth  of  goods  would  be  covered  by  $100  ; 

.-.  $1  "  ••  $V^ ; 

.-.$2940      "  -  ^"-^^-^ 

=  $30( 
quired. 

•    Examples-    (cvi) 

(1)  What  will  be  the  premium  of  insurance  on  the  fumitni'e 
of  a  house  valued  at  $2500  at  ^  per  cent.  ? 

(2)  What  is  the  premium  for  insuring  a  cargo,  valued  at 
$21350,  at  3^  per  cent.  ? 

(3)  For  what  sum  should  goods  worth  £4384.  Os.  3d  be 
insured  at  2^  per  cent,  that  the  owner  may  recover,  in  case 
of  loss,  the  value  of  both  goods  and  premium  ? 

(4)  A  person  at  the  age  of  40  insures  his  life  in  each  of 
two  offices  for  $5500,  the  premiums  being  at  the  rate  of  3| 
and  3|  per  cent.,  respectively.     Find  his  annual  payment. 

(5)  What  sum  must  be  paid  to  insure  a  cargo  worth 
$26400,  the  premium  being  1^%,  policy  duty^  percent.,  and 
brokerage  \  per  cent.  ? 

(6)  A  trader  gets  500  barrels  of  flour  injured  for  75  per 
ceL..  of  its  cost  at  2^  per  cent.,  paying  $80.85  premium  ;  at 
what  price  per  barrel  did  he  purchase  the  flour  ? 

(7)  A  company  took  a  risk  at  2^  per  cent.,  and  re-insured 
f  of  it  in  another  company  at  3"  per  cent.  The  premium 
received  exceeded  that  paid  by  $10.  What  was  the  amount 
of  the  risk  ? 

(8)  A  shipment  of  apples  was  insured  at  2f  per  cent,  to 
cover  f  of  its  value.  The  premium  was  $71.25;  what  were 
the  apples  worth  ? 
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TAXES. 

190.  A  TAX  is  a  sum  of  money  assessed  on  a  person 
in  proportion  to  the  value  of  liis  property,  amount  of 
income,  &c.,  for  public  purposes. 

In  order  to  levy  a  tax  persons,  called  assessors,  are 
first  employed  to  ascertain  o:  appraise  the  value  of  all 
the  property  taxed.  When  this  has  been  done  the  sum 
to  be  levied  is  apportioned  amongst  the  property  own- 
ers according  to  the  value  of  the  property  of  each. 

Ex.  A  certain  town  has  property  valued  at  Sl,- 
560,000  and  levies  a  tax  of  $23400';  what  should  B 
pay  whose  property  is  valued  at  $7500  ? 

Since  $1560000  pays  S23400; 

.-.  $lpays$rfMS^; 

.-.  $7500  pays  $  lAo_oJi 2  3  4  00 

^  ^    -^  15600  0  0 

=  0112.50,  tax  required. 
Examples-     (cvii) 

(1)  In  a  school  section  containing  property  valued  at 
$100000  a  tax  has  to  be  levied  to  pay  the  teacher's  salary  of 
$800,  and  $250  which  had  been  expended  in  purchasing 
maps,  &c.  Find  A^s  tax,  who  owns  property,  real  and  per- 
sonal, worth  $5400. 

(2)  A  man  who  owns  $8500  worth  of  property  pays  a  tax 
of  $144.50  ;  find  the  rate  on  the  dollar. 

(3)  If  the  property  of  Toronto  be  valued  at  $75000000. 
and  By  who  pays  tax-  on  $80000  worth  of  property,  pay 
$1400,  find  the  total  tax  levied  in  Toronto. 

(4)  In  a  certain  section  a  schoolhouse  is  to  be  built  at  an 
expense  of  $8400,  to  be  defrayed  by  a  tax  upon  property 
valued  at  $700000.  What  is  the  rate  of  Haxation  to  cover 
both  the  cost  of  the  schoolhouse  and  the  collector's  commis- 
sion at  4  per  cent.? 

DUTIES  OR  CUSTOMS. 

191.  Duties  or  Customs  are  sums  of  money  required 
by  government  to  be  paid  on  nearly  all  imported  goods. 

The  law  requires  that  all  goods  entering  Canada  shall 
be  landed  at  certain  places  where  Custom  Houses  are 
estabhshed.     These  places  are  caUed  Ports  of  Entry, 
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Duties  are  of  two  kinds,  ad  valorem  and  specific. 

An  Ad  Valorem  duty  is  a  certain  percentage  on  the 
cost  of  the  goods  in  the  country  from  which  they  are 
imported. 

A  Specific  duty  is  a  sum  computed  on  the  ton,  yard, 
gaJon,  &c..  Without  regard  to  the  vahie  of  the  goods. 

Note. — As  ad  valorem  duties  are  percentages  they  are 
computed  in  the  same  manner  as  Commission  &c. 

Ex.  Find   the   specific   duty    on    760    lbs.    of   Sul- 
phuric Acid  at  ^  cent  per  lb. 
Duty  on  1  lb.  is  i  cent. 

♦'  760  lbs.  is  7 «o  cents=|3.80,  duty  required. 

Examples-    (cviii) 

(1)  What  is  the  duty  on  7635  lbs.  of  tea,  valued  at  $3500 
at  6  cents  per  lb.  ? 

(2)  Find  the  ad  valorem  duty  on  an  invoice  of  books 
which  cost  $1760  at  5  per  cent. 

(3)  Find  the  specific  .duty  on  750  gallons  of  wine  worth 
$2150  at  60  cents  per  gallon. 

(4)  Find  the  duty  on  8400  lbs.  of  sugar  worth  7^  cents  per 
lb. ;  the  specific  duty  being  ^  cent  per  lb.  and  the  ad  valorem 
duty  25  per  cent. 

(5)  Paid  $1662.50  duty  on  an  invoice  of  cotton  at  the  rate 
of  17^  per  cent.  ;  what  was  the  value  of  the  cotton? 

STORA  GE.  ■ 

192.  Storage  is  a  charge  made  by  a  person  who 
stores  movable  property  or  goods  for  anotlier.  It  is 
usually  reckoned  by  the  month  of  30  days  at  a  certain 
price  per  bushel,  cask,  box,  bale,  &c. 

The  owners  of  the  goods  pay  for  putting  the  goods  in 
store,  stowing  away,  and  the  expenses  of  delivery. 

When  goods  are  received  and  delivered  at  the  pleasure 
of  the  consignor,  the  dues  for  storage  are  usually  deter- 
mined by  an  average. 

Ex.  What  is  the  cost  of  storage,  at  Ic.  per 
bushel  per  month,  of  wheat  received  and  delivered  as 
per  following; 
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Account  dosed  October  ^nd,  1877. 


Account  of  Storage  of  Wheat,  received  and  delivered 
FOR  Account  of  John  Jones,  Toronto. 

Date. 

Ke- 
ceived. 

Deli- 
vered. 

Bal-    Days 
ance. 

Products. 

1877. 
July    

2 
11 
16 
21 
10 
15 
20 

1^0 

200 

"150 

200 

50 

400 

100 

500 

50 

0 

200 

300 

100 

9 
5 
5 

20 
5 
5 
0 
5 
5 

17 

1800 

<( 

250 

(( 

350 

2000 

« 

300 

2000 

Auffust        

400 

2500 

(( 

450 
50 

250 

<( 

000 

September  

200 
100 

1000 

(( 

1500 

*( 

200 

1700 

Bal.  on  hand  Oct.  2. 

1250 

1150 
100 

30)18000 

433^ 

1250 

1250 

433^  X  let.  =  $4.33^, 
The  storage  of  200  bu.  for  9  days  -f  50  for  5  davs,  -f  400 
bu.  for  5  days,  +  100  bus.  for  20  days,  +  500  'bus.  for  5 
days,  +  50  bus.  for  5  days,  +  200  bus.  for  5  days,  +  300 
bu.  for  5  days,  +  100  bu.  for  17  days,  is  the  same  as  the 
storage  of  13000  for  1  day,  or  of  433^  bu.  for  a  month  of  SO 
days.     The  storage  of  433^  bu.  at  Ic.  per  bushel  is  |4.33^. 

Examination  Papers. 
I. 

(1)  If  a  grocer's  pound  weight  is  10  drams  too  Hght, 
find  his  gain  per  cent,  from  this  source  alone. 

(3)  If  a  debt  after  a  deduction  of  5  per  cent,  becomes  $228, 
what  should  it  have  become  if  a  deduction  of  6^  per  cent, 
had  been  made  ? 

(3)  Find  the  value  of  the  goods  imported  when  an  ad 
valorem  duty  of  17^  per  cent,  produces  $637. 

(4)  The  population  of  a  city  has  increased  by  5975  persons 
between  1860  and  1870 ;  this  increase  is  12^  per  cent,  ot  the 
population  of  1870.     Wnat  was  the  population  in  1860? 

(6)  In  1850  the  population  of  a  town  was  7600  ;  in  1870 
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it  was  found  to  be  9196.  If  the  increase  per  cent,  during 
the  first  decade  was  the  same  as  during  the  last,  what  was 
this  per  ceut.  ? 

II. 

(1)  A,  after  paying  ?r  income  tax  of  1^  per  cent,  on  all 
his  salary  over  $400,  has  $1739.60  left.     Find  his  salary. 

(2)  A  town  has  levied  a  tax  of  $7340,  which  sum  includes 
the  amount  voted  for  building  a  bridge  and  the  collector's 
fees,  at  3  per  cent.     What  was  expended  on  the  bridge  ? 

(3)  The  average  of  ten  results  was  17.5 ;  that  of  the  first 
three  was  16*25,  and  of  the  next  four  16*5  ;  the  eighth  was  3 
less  than  the  ninth,  and  4  less  than  the  tenth.  "What  was 
the  tenth  ? 

(4)  The  gross  receipts  of  a  railway  company  in  a  certain 
year  are  apportioned  thus  :  40  pel  cent.,  to  pay  the  working 
expenses,  54  per  cent,  to  give  the  shareholders  a  dividend  at 
the  rate  of  3^  per  cent,  on  their  shares 'l^  and  the  remainder, 
$42525,  is  reserved.  What  was  the  paid  up  capital  of  the 
company  ? 

(5)  A  can  do  5  per  cent,  of  a  piece  of  work  in  3  days  of 
10  hours  each  ;  B  can  do  7^  per  cent,  of  it  in  5  days  of  8 
hours  each.  If  both  men  work  together  and  the  whole  work 
be  worth  $85  ,  what  does  each  get  ? 

III. 

(1)  A  cargo  is  valued  at  $7905.45  ;  the  premium  of  insur- 
ance is  at  the  rate  of  5:^  per  cent.,  policy  duty  at  ^  per  cent., 
and  commission  at  -^  per  cent ;  what  sum  must  be  insured 
to  cover  the  cargo  and  the  expenses  of  insurance  ? 

(2)  Eeceived,  and  delivered,  on  account  of  James  Smith, 
sundry  bales  of  cotton,  as  follows:  Received  Jan.  1,  1877, 
2310  bales ;  Jan.  16,  120  bales  ;  Feb.  1,  300  bales  ;  Delivered 
Feb.  22,  1000  bales;  March  1,  600  bales;  April  3,400: 
April  10,  312  bales.  Required  the  number  of  bales  remain- 
ing in  store  May  1,  and  the  cost  of  storage  up  to  that  date, 
at  the  rate  of  5  cents  a  bale  per  month. 

(3)  If  the  increase  in  the  number  of  male  and  female 
criminals  is  2^  per  cent.,  while  the  decrease  in  the  number 
of  males  aloae  is  1\  per  cent.,  and  the  increase  in  the  num- 
ber females  is  10^  per  cent.;  compare  the  antecedent  num- 
bers cf  male  and  female  prisoners. 

(4)  A  person  takes  a  railway  return-ticket  for  a  month, 
paying  25  per  cent,  more  for  it  than  he  would  have  don«  for 
a  sin  -la  ..cket.     At  the  end  of  the  month  he  obtama  8.n  e:^- 
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tension  of  time  for  a  week  by  paying  5  per  cent,  on  the 
monthly  ticket.  The  whole  sum  paid  is  ^10.50;  find  the 
price  of  the  single  ticket. 

(5)  The  paper  duty  was  l^d.  per  lb.,  and  the  weight  of  a 
certain  book  1^  lbs.  The  paper  manufacturerer  reahzed  10 
per  cent,  on  his  sale,  and  the  publisher  20  per  cent,  on  his 
outlay.  What  reduction  might  be  made  in  the  price  of  the 
book 'on  the  abolition  of  the  paper  duty,  allowing  to  each 
tradesman  the  same  rate  of  profit  as  before  ? 

IV. 

(1)  A  merchant  bought  37  yards  2  qrs.  of  cloth  at  $4.87^ 
per  yard,  and  49  yards  2^  qrs.  of  silk,  at  93f  cents  per  yard. 
For  what  sum  must  the  whole  be  sold  to  make  a  profit  of 
33i  per  cent.  ? 

(2)  A  commission  merchant  is  to  sell  12000  lbs.  of  cotton, 
and  invest  the  proceeds  in  sugar,  retaining  If  on  the  sale, 
and  the  same  on  the  purchase.  Cotton  selling  at  7  cents, 
and  sugar  at  5  cents  per  pound,  what  quantity  of  sugar  can 
the  merchant  buy  ? 

(3)  In  an  examination  of  750  candidates,  "22  on  the  whole 
do  well,  '34  barely  pass,  and  the  rest  fail ;  how  many  do 
well,  barely  pass,  and  fail,  respectively  ? 

(4)  Sold  grain  on  commission  at  5  per  cent. ;  invested  net 
proceeds  in  groceries  at  2  per  cent,  commission.  My  whole 
commission  was  $70.  Wiiat  was  the  value  of  the  grain  and 
groceries  ? 

(5)  A  commission  merchant  receives  125  bbls.  of  flour 
from  A,  150  bbls.  from  J5,  225  bbls.  from  0;  he  finds  on 
irgspection  that  A.'s  is  10  per  cent,  better  than  B.'s,  and  G.\s 
5iT  V^^  cent,  better  than  A.'s;  he  sells  the  whole  lot  at  S7 
per  barrel,  and  charges  4  per  dent,  commission.  How  much 
does  he  remit  to  each  ? 

V. 

(1)  A  broker  charges  me  1^  per  cent,  commission  for  pur- 
chasing some  uncurrent  bank  bills  at  25  per  cent,  discount ; 
of  these  bills,  three  of  $10  each,  and  one  of  $50  bee.  mo 
worthless  ;  I  dispose  of  the  remainder  at  par,  and  thus  make 
$520.     What  was  the  amount  of  bills  purchased  ? 

(2)  A  wholesale  merchant  sent  a  quantity  of  goods  into 
the  country  to  be  sold  by  auction,  on  a  commission  of  4^  per 
cent.  What  amount  of  goods  must  be  sold  that  his  agent 
may  buy  produce  with  the  avails  to  the  amount  of  $1910, 
after  retaining  a  commission  of  2  per  cent.? 
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(8)  A  factor  receives  $30056,  and  is  directed  to  purchase 
cotton  at  $289  per  bale  ;  be  is  to  receive  4  per  cent  commis- 
sion.    How  many  bales  does  be  buy  ? 

(4)  Sold  goods  to  a  certain  amount  on  a  commission  of  5 
per  cent.,  and,  having  remitted  the  net  proceeds  to  tlie 
owner,  received  for  prompt  payment  ^  per  cent.,  which 
amounted  to  $16.15.     What  was  the  amount  of  commission  ? 

(5)  A  man  obtained  an  insurance  for  life  at  the  age  of  37, 
and  died  when  51  years  old.  The  poHcy  required  annual 
payments  during  life,  at  $2.8674  per  $100,  and  secured  to 
the  heirs  $1709.69  more  than  the  amount  of  all  the 
premiums  paid.     What  was  the  face  value  of  the  policy  ? 

XXVI.    Profit  and  Loss. 

193.  If  I  sell  for  $105  that  for  which  I  gave  $100,  I 
gain  $5  en  an  outlay  of  $100. 

If  I  sell  for  $95  that  for  which  I  gave  $100,  I  lose 
$5  on  an  outlay  of  $100. 

The  following  Examples  will  show  the  method  of 
solving  questions  relating  to  Profit  and  Loss,  the  prin- 
ciples laid  down  in  Section  xx  being  followed. 

Ex.  (1).  I  sell  for  $6  that  for  which  I  gave  $5. 
What  is  my  gain  per  cent.  ? 

On  an  outlay  of  $5  my  gain  is  $1 ; 
On  an  outlay  of  $1  my  gain  is  $^  ; 
On  an  outlay  of  $100  my  gain  is  V-"^  or  $20 ; 
.-.  I  gain  20  per  cent. 
Ex.  (2).  I  bought  some  goods  for  $17.    How  must  I 
sell  them  in  order  to  gain  17|-}-  P^^'  c^^*-  ^ 
That  for  which  I  gave  $100  I  must  sell  for  $117ii ; 
That  for  which  I  gave  $1  I  must  sell  for  $1-0^^17; 
That  f  jr  which  I  gave  $17  I  must  sell  for  $Y^oVxrr  ^^  ^^0 
Ex,  (3).    By  selling  goods  for  ii!>7.20  I  made  a  profit 
of  20  per  cent.     What  did  I  give  for  them  ? 
That  which  I  sold  for  $120  I  bought  for  $100. 
That  which  1  sold  for  $1  I  bought  for  $|«  0  ; 
That  which  I  sold  for  $7.20  I  bought  for  ^1:1^-1^0  or  $6. 
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Ex.  (4).  If  by  selling  coffee  at  Is.  Id.  per  lb.  I  lose 
5  per  cent.,  what  must  I  sell  it  at  to  gain  5  per  cent.  ? 

That,  which  I  sell  at  95c?.,  I  bought  for  lOOd.  ; 

That,  which  I  sell  at  Id.,  1  bought  for  ^d. ; 

That,  which  I  sell  at  19d.,  I  bought  for  il|i-^^d.,  or  20d.] 

Having  thus  found  the  cost  price,  we  proceed  thus : 

To  gain  5  per  cent., 

that,  for  which  I  gave  lOdd. ,  I  must  sell  for  105cZ. 

that,  for  which  I  gave  Id.,  I  must  sell  for  lUd- ', 

that,  for  which  I  gave  20d.,  I  must  seU  for  i^^ili^d.,  or  Is.  9d 

Or  thus : 

In  the  first  case, 

that  which  costs  lOOo^.  sells  for  25d ; 
In  the  second  case, 

that  which  costs  lOOd,  sells  for  105d.  ; 
.'.  that  which  sells  for  9od.  must  bring  105d.; 
"  ♦*       Ic?.  must  bring  io^c?. ; 

"  "       19d.  must  bring  — ^ — d., 

or  Is.  9d.  as  before 

Ex.  (5).  A  quantity  of  tea  is  sold  for  83^  cents,  per 
pound,  the  gain  is  10  per  cent.,  and  the  total  gain  is 
$48.     What  is  the  quantity  of  the  tea  ? 

That  v/hich  sells  for  ^110    cost  $100  ; 

"      ^1  u        ^oo. 

«      assets."  ^0:831X100 

'  110 

.*.  the  cost  price  per  lb.  =  ^^  of  $0-83^; 
•    .-.  the  gain  on  1  lb.         =  ^V  of  $0.83^. 

Bat^  the  gain  per  lb.  X  No.  of  lbs.  sold  =  total  gain, 
or  A  of  $0-83f  X  No.  of  lbs.  sold  =  ^48  ; 

48 


No.  of  lbs.  sold  =  ^- 


tV  of  $0-83^- 
=  6331. 

633|  lbs.  is,  therefore,  quantity  sold. 
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194.  When  tea,  spirits,  wine  and  such  commoditieg 
are  mixed  it  must  be  observed  that 

quantity  of  ingredients  =  quantity  of  mixture, 
cost  of  ingredients  =  cost  of  mixture. 

Thus,  if  a  mixture  is  made  of  1  gallon  of  ale  at  8  cts. 
a  gallon,  3  at  15  cts.,  4  at  20  cts.,  and  12  at  7  cts. 

quantity  of  ingredients  =  (l-j-  3-f-  4-f-12)  galls,  or  20  galls.; 
cost  of  ingredients  =  (8+45+80+84)  cts.,  or  S2.17. 

If  I  want  to  know  what  gain  per  cent.  I  shall  make 
by  selling  this  mixture  at  26  cts.  a  gallon,  I  reason 
thus : 

20  gall,  at  26  cts.  will  sell  for  $5.20  ; 

.-.  that  for  which  I  gave  $2.17,  I  sell  for  $5.20  ; 

.♦.  ,^2.17  gains,  ($5.20— $2.17),  $3.03; 

.-.  $1  gains  $1  :«3  . 

.-.  $100  gains$^  Q;  ^  ^Q^,  or  $130.63. 
.'.  I  gain  $139.63  per  cent. 

195.  In  solving  questions  on  Profit  and  Loss  the 
student  must  be  very  careful  to  notice  whether  the  gain 
is  calculated  on  the  selling  price  or  cost  price.  Thus, 
it  is  sometimes  said  that  a  retailer's  profit  is  25  per 
cent,  meaning  that  he  gave  75  cents  for  an  article  which 
he  sells  for  $1.  His  profit,  in  this  case,  is  83^  per 
cent,  on  his  outlay.  Care  must,  therefore,  be  taken 
to  express  distinctly  which  is  meant.  The  profit 
on  a  single  transaction  or  set  of  transactions  by  no 
means  represents  a  net  profit,  as  it  is  not  charged  with 
a  variety  of  expenses  which  belong  to  the  business  in 
general  rather  than  to  the  set  of  transactions  in  question. 

Ex.  If  100  articles  of  a  given  kind  can  be  made  in  a 
week  out  of  $40  worth  of  raw  materials,  c(^t  of  labour 
&c.  being  $10,  fixed  charges  for  rent  &c.  being  $250  a 
year,  find  (1)  the  cost  price  of  each  article,  (2)  the 
invoice  price  in  order  that  a  profit  of  80  per  cent,  on  the 
cost  price  may  be  realized,  the  following  allowances  be- 
ing necessary,  viz.,  10  per  cent,  commission  to  agents 
on  money  received  for  sales,  and  12  per  cent,  for  bad 
debts,  and  (3)  the  amount  of  profit  in  a  year, 
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(1)  The  fixed  charges  must  be  referred  to  the  same  unit 
of  time  as  the  rest  of  the  estimate,  viz.:  1  week  =  $'5^  = 
ei25 

«P  ^^  • 

Cost  ol  100  articles  =  $50  +  S  V¥  =  $54-8077  ; 
.-.  cost  of  ]  article  =  $0-548077. 

(2)  The  profit  on  capital  may  be  regarded  as  part  of  the 
cost  of  production.  It  would  be  so,  in  fact,  if  the  money 
were  borrowed  at  30  per  cent,  interest.  30  per  cent,  added 
to  $-548077  gives  $'-1^4;^^^^'. 

Again,  the  commission  is  paid  on  the  money  actually 
received  ;  to  provide  for  it,  wc  must  take  the  '5°  of 

rfhl  30X*548077^  Or  $10X  130X'54807  7^ 
^  loo  9X100 

Next :  12  per  cent,  on  bad  debts  means  that  12  do  not 
pay  for  88  who  do.  To  provide  for  it,  we  take  Vg"  of  the 
selling  price.     The  invoice  price  will,  therefore,  be 

^100Xl0Xl30X-548077       ^^  ^.ggg^ 
^  88X9X100  '  ^ 

(3)  To  find  the  profit  we  must  take  ^q  of  the  cost  price, 
and  multiply  by  100  X  52. 

Annual  profit  =  ^3ox  loox  ..x-548077    _  ^g.^ 

■»•  10  0 

Examples  (cix) 

(1)  If  I  buy  an  article  for  $3.20  and  sell  it  for  $4,  what  is 
my  gain  gain  per  cent.  ? 

(2)  If  I  sell  goods  for  $2240  and  gain  12  per  cent.,  what 
was  the  cost  price  ? 

(3)  If  375  yards  of  silk  be  sold  for  $1960,  and  20  per  cent, 
profit  be  made,  what  did  it  cost  per  yard  ? 

(4)  If,  by  selling  wine  at  175.  6d.  a  gallon,  I  lose  5  per 
cent.,  at  what  price  must  I  sell  it  to  gain  15  per  cent.  ? 

(5)  If,  by  selling  goods  for  $544,  I  lose  16  per  cent.,  how 
much  per  cent,  should  I  have  lost  or  gained,  if  I  had  sold 
them  for  $672. 

(6)  The  manufacturer  will  supply  a  certain  article  at  Hd.; 
if  a  tradesman  charge  2d.,  what  profit  per  cent,  will  he 
make  ? 

(7)  A  tradesman's  prices  are  20  per  cent,  above  cost  price. 
If  he  allow  a  customer  10  per  cent,  on  his  bill,  what  profit 
does  he  make  2 

(8)  A  tradesman's  prices  are  25  per  cent,  above  cost  price. 
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If  he  allow  a  customer  12  per  cent,  on  his  bill,  what  profit 
does  he  make  ? 

(9)  A  man  buys  goods  at  ^623.  5s.  5d.,  and  sells  them  at 
£22.  2s,  Ifrf.     How  much  does  be  lose  per  cent.  ? 

(10)  A  man  buys  goods  at  £15.  6s.  Sd.,  and  sells  them 
again  at  ^11.  15s.  9f  5.     How  much  does  he  lose  per  cent.  ? 

(11)  A  man  buys  goods  at  the  rate  of  $96  per  cwt.,  and 
sells  2  tons  14  cwt.  3  qr.  12  lb.  for  $6000.  How  much  has 
he  gained  or  lost  per  cent,  on  his  outlay  ? 

(12)  If  8  per  cent,  be  gained  by  selling  a  piece  of  ground 
for  $4125.60,  what  would  be  gained  per  cent,  by  selling  it  for 
$4202  ? 

(13)  If  3  per  cent,  more  be  gained  by  selling  a  horse  for 
$333  than  by  selling  him  for*  $324,  what  must  his  original 
price  have  been  ? 

(14)  A  grocer  mixes  12  lb.  of  tea  at  2s.  Gld.  per  lb.  with  4 
lb.  at  3s.  2\d.  At  what  price  must  he  sell  the  mixture  so  as 
to  gain  33|^  per  cent,  upon  his  outlay  ? 

(15)  How  many  pounds  of  tobacco  at  $1.05  a  pound  must 
a  tobacconist  mix  with  4  lb.  at  $1.30,  that  he  may  sell  the 
mixture  at  $1.56f  per  pound,  and  gain  33^  per  cent,  upon 
his  outlay  ? 

(16)  A  spirit  merchant  buys  80  gallons  of  whiskey  at  $3.60 
per  gallon,  and  180  gallons  more  at  $3.00  per  gallon,  nl 
mixes  them.  At  what  price  must  he  sell  the  mixture  to  i  aia 
83  per  cent,  upon  his  outlay  ? 

(17)  I  mix  80  gallons  of  gin  at  $3.10  per  gallon  with  96 
gallons  at  $3.41f ,  and  sell  the  mixture  so  as  to  gain  10  per 
cent.     At  what  price  per  gallon  do  I  sell  it  ? 

(18)  A  grocer  buys  two  sorts  of  tea  at  55  cents  and  61f 
cents  per  lb.  respectively.  He  mixes  them  so  as  to  have  3 
lb.  of  the  dearer  for  every  1  lb.  of  the  cheaper  sort,  and  sells 
the  mixture  at  80  cents  per  lb.    What  does  he  gain  per  cent.  ? 

XXVII.  stocks  and  Shares. 

196.  The  Government  of  a  country,  the  authorities 
of  a  city,  &c.,  often  find  it  necessary  to  borrow  money 
to  carry  on  public  works,  &c.  A  loan  is  then  con- 
tracted and  the  borrower  pledges  the  credit  of  the  coun- 
try, city,  &c.,  to  pay  a  fixed  rate  of  interest  on  the  sum 
borrowed  until  the  debt  is  paid  oft". 

Tlie  term  stock  is  applied  to  any  such  governmrni 
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loan.     It  also  denotes  the  capital  of  a  joint-stock  com- 
pany. 

Banks,  Eailway  Companies,  and  others,  have  their 
capital  divided  into  shares  of  so  many  dollars  each, 
usually  $50  or  $100. 

The  price  of  stock  is  always  quoted  at  so  many  dol- 
lars for  $100  stock.  Thus  when  we  read  that  the  stock 
of  the  Toronto  Bank  is  at  155  it  means  that  $155  of 
money  will  purchase  $100  stock  in  that  bank. 

The  price  of  stock  is  always  fluctuating  owing  to  a 
change  in  the  value  of  money,  i.  e.,  at  times  money  is 
scarce  and  consequently  in  large  demand,  and  hence 
the  rate  of  interest  will  be  high  ;  at  other  times  it  is 
plentiful  and  therefore  cheap.  Thus  if  A  has  money 
to  loan  and  can  get  8  j)er  cent,  for  it  he*  will  not  invest 
it  in  the  Dominion  stock,  which  pays  6  per  cent.,  un- 
less the  1  atter  is  so  cheap  that  he  can  make  8  per  cent. 
i.  €.,  unless  he  can  buy  it  at  75.  Hence  if  J5  wished  to 
sell  Dominion  6  per  cent,  stock  he  would  have  to  sell  it 
at  a  discount. 

Again,  if  money  could  only  be  loaned  at  5  per  cent., 
B  would  be  able  to  sell  $100  of  such  stock  for  more 
than  $100  money,  in  this  case  he  would  sell  at  a  Pre- 
mium. Among  the  other  causes  whicli  determine  the 
value  of  stock,  we  may  mention  its  desirability  as  a  safe 
investment,  commercial  and  political  changes  at  home 
and  abroad,  etc. 

197.  Stock  is  at  Pae  when  it  sells  for  its  nominal 
value,  as,  when  $100  stock  sells  for  $100  money. 

It  is  at  a  Premium  when  it  sells  for  more  than  its 
nominal  value.  Thus,  when  $100  stock  sells  for  $109 
money  it  is  at  a  Premium  of  9  per  cent.  It  is  at  a  Dis- 
count when  it  sells  at  less  than  its  nominal  value. 
Thus,  when  $100  stock  sells  for  $85  money,  it  is  at  a 
discount  of  15  per  cent. 

The  purchase  and  sale  of  stocks  are  usually  effected 
by  means  of  a  stock-broker,  who  is  paid  a  certain  per- 
centage on   all   stock   that   passes   through  his  hands. 


206 


STOCKS    AND    SHARES. 


Thus,  if  stock  is  at  92^  and  the  broker  charge  I  per 
cent.,  the  buyer  will  have  to  pay  $93,  (892|-  +  $-^)  for 
^100  stock,  and  the  seller  would  receive  $92  ($921  — 
$i)forit. 

198.  Stock  is  often  named  from  the  interest  which  is 
paid  to  the  owners  of  the  stock.  Thus,  the  Dominion 
Government  stock,  paying  interest  at  the  rate  of  G  per 
cent.,  is  sj)oken  of  as  the  Dominion  6  per  cents.,  or 
Dominion  6's. 

Consols  are  a  part  of  the  national  debt  of  Great  Brit- 
ain, so  called  from  the  Consolidation  of  the  stock  of 
various  annuities  into  a  joint  3  per  cent,  stock. 

The  National  Debt  ot  Great  Britain,  which  now 
amounts  to  ab»ut  773  millions,  has  been  incurred  by 
loans  made  to  the  State  by  individuals.  Interest  is  paid 
upon  the  main  part  of  this  debt  at  the  rate  of  3  per  cent. 
The  names  of  the  persons,  who  have  a  claim  on  the 
nation  for  such  interest,  are  registered  in  books  kept -by 
the  Bank  of  England  on  behalf  of  the  Government. 
Such  persons  are  called  Fundholders :  the  debt  itself  is 
often  called  The  Funds :  and  the  interest,  which  is  pay- 
able half-yearly,  is  called  Dividends. 

Suppose  4  to  be  a  Fundholder  in  that  particular  part 
of  the  National  Debt  called  TJie  Three  per  Gent.  Consols, 
and  supi)ose  the  amount  of  the  debt,  which  he  is  ack- 
nowledged by  the  Register  to  hold,  to  be  £5000,  he  is 
then  said  to  hold  £5000  stock.  A  cannot  demand  the 
payment  of  5000  sovereigns,  or  any  smaller  sum,  from 
the  Government,  as  a  redemption  of  the  debt,  but  the 
Government  undertakes  to  pay  him  (or  any  one  to  whom 
he  may  assign  his  claim)  75  sovereigns,  every  half-year, 
that  being  the  amount  of  interest  on  £5000  for  half  a 
year  at  3  per  cent. 

Now  suppose  A  to  be  desu'ous  of  selling  his  claim  to 
B.  The  value  of  the  claim  does  not  vary  much  from 
time  to  time  in  the  case  before  us,  for  England  is  known 
to  be  willing  and  is  acknowledged  to  be  able  to  pay  the 
interest  on  her  debt,  and  the  security  of  the  claim  makes 
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the  Fundholder  satisfied  with  a  low  rate  of  interest, 
punctually  paid  and  easily  obtained.  The  value  of  £100 
Stock  in  Consols  is  at  the  present  time  (July  12,  1877) 
92|,  that  is,  A  can  obtain  £92J  for  each  £100  Stock  that 
he  holds,  and  B  on  the  payment  of  50  x  £92 1,  or 
£4618.  15.9.  can  have  the  £5000  Stock,  now  held  by  A, 
transferred  to  him. 

A's  name  is  then  removed  from  the  Kegister,  and  B's 
name  is  inserted  in  it,  and  the  process  is  called  a  Trans- 
fer. A  is  said  to  sell  out  of  the  Funds  and  B  is  said 
to  invest  in  them. 

199.  United  States  securities  are  of  two  kinds  :  Notes 
and  Bonds. 

United  States  6's,  5-20  are  bonds  bearing  interest  at 
6  per  cent.,  and  payable  in  20  years,  but  may  be  paid 
in  5  years,  if  the  Government  choose.  When  it  is 
necessary  to  distinguish  different  issues  of  bonds  bear- 
ing the  same  rate  of  interest,  the  year  at  which  they 
become  due  is  mentioned  ;  thus  U.  S.  6's,  5-20  of  '84  ; 
U.  S.  6's,  5-20  of  '85. 

Notes  are  of  two  kinds. 

First,  those  payable  on  demand,  without  interest, 
known  as  United  States  Legal-tender  Notes,  or  "  Green 
Backs." 

Second.  Treasury  notes  payable  at  a  specified  time, 
with  interest.  Of  this  kind  are  notes  bearing  interest 
at  7yV  per  cent.,  and  known  as  7-30's.  These  have  all 
been  redeemed. 

200.  Currency  is  a  term  used  in  commercial  lan- 
guage. 

First.  To  denote  the  aggregate  of  Specie,  Bills  of 
Exchange,  Bank  Bills,  Treasury  Notes,  and  other  sub- 
stitutes for  money  employed  in  buying,  selling,  and 
carrying  on  exchange  of  commodities  between  various 
countries. 

Second.  To  denote  whatever  circulating  medium  is 
used  in  any  country  as  a  substitute  for  the  governmen' 
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standard.  It  sometimes  happens  that  the  paper  cur- 
rency of  a  country  becomes  depreciated  in  vahie,  as  is 
the  case  at  the  present  time  in  the  United  States.  Thus 
when  we  read  in  Stock  quotations  of  American  currency 
buying  at  94f  and  seUing  at  95^,  it  is  meant  that  a 
broker  would  give  $94f  gold  for  $100  of  paper  currency, 
and  that  he  would  sell  $100  of  paper  currency  for  $95^ 
gold.  Also  when  we  read  that  gold  is  105|,  it  is  meant 
that  the  paper  currency  is  taken  as  the  standard  for  tlie 
time  being,  and  $105^^  of  such  currency  would  be  given 
for  $100  gold. 

201.  In  Canada  the  liability  on  all  Banks  Stocks  is 
Hmited  to  double  the  amount  of  the  subscribed  capital. 
On  all  other  stocks  the  habihty  of  shareholders  is  strict- 
ly limited  to  the  amount  of  the  subscribed  capital. 

When  all  th^  Capital  of  a  Company  has  been  paid  up, 
it  is  often  changed  from  Shares  to  Stock,  because  in  the 
case  of  Stock,  transactions  can  be  carried  on  with 
reference  to  any  'portions  of  it,  whereas  in  the  case  of 
Shares,  fractional  parts  of  those  Shares  cannot  be 
transferred. 

Three  points  must  now  be  clearly  marked  : 

(1)  We  shall  know  the  amount  of  money  received  by 
A  for  any  given  amount  of  stock,  if  we  know  the  price  of 
the  stock  at  the  time  of  sale. 

(2)  We  sliall  know  how  much  stock  can  be  bought  by 
B  for  any  given  amount  of  money,  if  we  know  the  price 
of  the  stock  at  the  time  of  sale. 

(3)  We  shall  know  the  amount  of  income  received  by 
A  (and  subsequently  by  B)  on  any  given  amount  of 
stock,  if  we  know  the  rate  of  interest  jjaj^able  on  the 
stock  ;  the  income  depending  in  no  way  on  the  price  of 
the  stock. 

These  three  cases  we  now  proceed  to  illustrate : 

Ex.  (1).  What  is  the  value  of  $2500  stock  in  the 
Dominion  6's  at  98^  ? 
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The  value  of  $100  stock  is  $98.25  ; 
mistook  is     $^YVr' 


$25008tockis$-2A«|^2-^  ; 
=  $2456.25. 
Ex.  (2).     How  much  stock  can  be  purchased  at  92  J 
for  1740  ? 

For  $92.50  I  can  purchase  $100  stock  ; 
For  $1  "  $  ^'^V  ; 

For  $740  "  ^HtT^'  "^^  ^^^  ^*^^^- 

Ex.  (3).  What  annual  income  is  derived  from  invest- 
ing ^3920  in  the  6  per  cents,  at  98? 

Here  the  owner  of  $100  stock  has  an  income  of  $6,  and  to 
purchase  this  stock  he  must  pay  $98 ; 

.*.  $98  gives  an  income  of  $6; 
.*.  $1  gives  an  income  of  |^\  ; 
.-.  $3920  give  an  income  of  $^^|^,  or  $240. 

Ex.  (4).  What  sum  must  be  invested  in  the  Dominion 
6's  at  95  so  that  I  may  have  an  annual  income  of 
$1200? 

Since  $6  is  got  from  investing?  $95  ; 

.-.  $1  is  got  from  investing  $^5  ; 

.-.  $1200  is  got  from  investing  $'-"-^^^11^, or  $19000. 

Ex.  (5).  What  annual  income  is  derived  from  $3550 
stock  in  the  U.  S.  5's,  10-40  ? 
Income  on  $100    stock  is  $5. 

$3550      "        $—j^-^—-,  or  $177.50. 
This  is  merely  a  case  of  finding  the  Interest,  where 
the  stock  is  the  Principal. 

Ex.  (6).  Bought  stock  in  the  Bank  of  Commerce  at 
120.     The  last  dividend  was  at  8  per  cent.;  what  per 
cent,  did  I  make  on  the  investment  ? 
$120  give  an  income  of  $3  ; 

.'.      ol  *'  VTIfTT  » 

.-.    $100  "  $Y2^,  or$6|. 


the  per  cent,  required  is  6f . 
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Ex.  (7).  When  stock  is  at  84,  how  much  stock  must 
be  sold  to  raise  $462  ? 

Since  $84  is  got  from  seUing  $100  stock  ; 
.-.     |1  "  $-^<*  stock; 

.-.     $462  '«  ^4  6  2x_io_o  g^Qck; 

or  $550  stock. 
Ex.  (8).  What  is  the  price  of  Ontario  Bank   stock 
when  $6000  stock  produces  $5880  ? 
Since  $6000  stock  is  worth 


.5  880  . 

'6o~oir » 


$100  "  ^^^^^U^  ^^  ^^9- 


100X5880 
6000 

.'.  the  stock  was  selKng  at  98. 

Ex.  (9).  By  investing  in  the  Dominion  6's  I  make  6^ 
per  cent.  ;  what  was  the  selling  price  of  this  stock  ? 
Since  $6.50^  got  from  investing  $100  ; 


.1  00 
.6X100 


,  or  $92xV. 


"     6.60 

.*.  the  selling  price  was  92^*5. 

Ex.  (10).  Which  is  the  more  advantageous  stock  to 
invest  in,  6  per  cents,  at  95,  or  5  per  cents,  at  87^,  and 
how  much  per  cent,  is  it  better  ? 

Income  for  $95  in  the  6  per  cents,  is  $6 ; 

.*.  Income  for  $1  in  the  6  per  cents,  is  $^5. 

Income  for  $1  in  the  5  per  cents  is  Sgyr*  or  t^VV* 

We  have  now  to  compare  the  fractions  -^5^  and  yVV* 

Kedueed  to  a  common  denominator  these  become  ^j^-fy 
and  ^VVsr- 

.'.  Income  for  $1  in  the  6  per  cents  is  (^Vt5~tsi^3')  ^^  ^ 
$1  better  than  in  the  5  per  cents. 

.*.  Income  for  $100  in  the  6  per  cents,  is  100x(^Vr5'"" 
7«tt)  °^  ^  ^^  better  than  in  the  5  per  cents. 

Now  100xGyt5~AW)  =  -91. ..per  cent,  reqiiir,  d. 

Ex.  (11).  A  person  transfers  ^5000  stock  from  a  3 
per  cent,  stock  at  72,  and  invests  the  proceeds  in  a  4 
per  cent,  stock  at  90.  Find  the  difference  in  his  in- 
come. 
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First,  he  sells  £5000  stock  at  72,  and  gets  ^(72X50)  or 
£3600. 

Then  he  invests  £3600  in  the  4  per  cent,  stock  at  90,  and 
buvs  ^3  6j)oxioo  stock,  or  £4000  stock. 

•^  90 

Now  his  first  income  on  the  £5000  stock  was  £^^y 

or  £150. 
And  his  second  income  on  the  £4000  stock  is  £iM^, 

or  £160 ; 
.•.  he  increases  his  income  by  £10. 

Ex.  (12).  A  person  invests  £1075.  10s.  in  Consols 
when  they  are  at  89|,  and  sells  out  when  they  are  at 
93f  ;  what  is  his  gain,  brokerage  at  |  per  cent,  on  each 
transaction. 

Here  an    annuity    which    costs    £(891+^)    is    sold    for 

£(93i-i);  p 

.'.  on  £891  the  gain   is  £3f ; 

3 1 
.*.  on   £1      the  gain  is  £gp,  or  £^2^  ; 

.-.  on   £1075  10s.  the  gain  is  £1075.  5x^^,  or  £43.  10s. 

Ex.  (13).  A  person  invested  in  Bank  stock  at  89| 
and  sold  out  at  103 1,  and  cleared  $397.50  ;  how  much 
did  he  invest,  brokerage  being  ^  per  cent,  on  each  tran- 
saction ? 

Here  what  cost  $90  is  sold  for  $103^  ; 

.-.  he  gained  $13.25  by  investing  $90  ; 

.-.  he  gained  $1  by  investing  $f^5  ; 

.-.  he  gained  $397.50  by  investing  $^^^:||^^,  or  $2700. 

Ex.  (14).  A  person  having  to  pay  $3606^2_  ^^^^  years 
hence,  invested  a  certain  sum  in  the  Toronto  6  per  cent, 
city  bonds  to  accumulate  interest  until  the  debt  be  paid, 
and  also  an  equal  sum  next  year  ;  supposing  the  invest- 
ments to  be  made  when  the  stock  was  at  99,  and  the 
first  year's  interest  also  invested  in  stock,  and  the  price 
to  remain  the  same,  what  must  be  the  sum  invested  on 
each  occasion  that  there  may  be  just  sufficient  to  pay 
the  debt  at  the  proper  time  ? 
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Every  ^99  invested  will  give  $3  interest ; 

.*.  every  $1  invested  will  give  $^6^  interest ; 

.'.  $  sum  invested  will  give  $  sum  X  ^^  interest. 

Now  $  sum  X  -g^Tj-  invested  will  give  $  sum  X  -^^^  X  -^^ 
interest. 

Hence  at  the  end  of  the  second  year  there  were  on  hand 
the  two  sums  invested. 

Two  years'  interest  on  the  first  investment  =  2  x  sum  X 

6 

■jr?> 

One  year's  interest  on  the  second  investment  =  sum  X 

61 

A    I  the  interest  on  the  first  year's  interest  =  sum  X  -^^^ 
Or  2  sums  +  3  X  sum  X  ^^  +  sum  X  -^  X  /g-  to  meet 
•••  (2  +i|  +  ^Ut)  s™  =  $3606^2^; 
:  $1650 

Examples,    (ex) 
Find  the  value  of 

(1)  $7645  stock  in  the  6  per  cents,  at  95. 

(2)  $9800  stock  in  the  5  per  cents,  at  80. 

(3)  $7650  stock  in  the  7  per  cents,  at  118| 

(4)  ^3850  stock  in  the  3  per  cents,  at  92. 

(5)  ^572.  10s.  stock  in  the  3  per  cents,  at  91^. 

How  much  stock  will 

(6)  $8400  buy  in  the  4  per  cents,  at  75  ? 

(7)  $3757.50  buy  in  the  8  per  cents,  at  125^  ? 

(8)  $994.50  buy  in  the  7  per  cents,  at  117  ? 

(9)  ^2199  buy  in  the  3  per  cents,  at  91^  ? 

(10)  ^5527.  10s.  buy  in  the  3  per  cents,  at  92^  ? 
What  income  is  got  from  investing 

(11)  $934.25  in  the  6  per  cents,  at  101  ? 

(12)  $4147  in  4  per  cent,  stock  at  72^  ? 

(13)  $6720  in  5^  per  cent,  stock  at  96  ? 

(14)  $3725  in  3  per  cent,  stock  at  74^  ? 
(16)  ^8475.  10s.  in  3  per  cent,  stock  at  92^? 
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What  amount  of  stock  must  be  sold 

(16)  la  the  8  per  cents,  at  125  to  produce  $750  ? 

(17)  In  the  Dominion  5's  at  921  to  produce  $629  ? 

(18)  In  the  6  per  cents,  at  101  to  produce  $964.50 

(19)  In  the  7|  per  cents,  at  128  to  produce  $4096? 
What  per  cent,  is  made  by  investing  in  the 

(20)  8  per  cents,  at  120? 

(21)  5  per  cents,  at  95  ? 

(22)  6  per  cents,  at  104  ? 

(23)  3^  per  cents,  at  75  ? 
When  Greenbacks  are  at 

(24)  90,  what  is  the  price  of  gold  ? 

(25)  92^,  what  is  the  price  of  gold  ? 

(26)  84,  what  is  the  price  of  gold  ? 

When  gold  is  at  a  premium  of 

(27)  10  per  cent.,  what  are  "  Greenbacks  "  quoted  at  ? 

(28)  25  per  cent.,  what  are  "Greenbacks  "  quoted  at? 

(29)  14  per  cent.,  what  is  $5700  of  American  Currency 
worth  ? 

What  sum  must  be  invested  in  the 

(39)  8  per  cents.,  at  120  so  as  to  produce  an  income  of 
$640. 

(31)  5  per  cents.,  at  90  so  as  to  produce  an  income  of 
$3750  ? 

(32)  4.^  jper  oanta.,  at  67  so  as  to  produce  an  income  of 
$2790. 

What  is  the  selling  price  of  stock  when 

(83)  $550  stock  in  the  6  per  cents,  produce  $558,25  ? 

(34)  $7840  stock  in  the  4  per  cents,  produce  $6664? 

(35)  ^840  stock  in  the  3  per  cents,  produce  £773.  17s.  ? 

(36)  What  must  I  pay  for  U.  S.  10^0's  (  Interest  at  5  %) 
that  my  investment  may  yield  6  per  cent  ? 

(37)  Which  is  the  better  investment,  the  buying  of  9  per 
cent,  stocks  at  25  per  cent,  advance,  or  6  per  cent,  stocks  at 
25  per  cent,  discount,  and  how  much  per  cent,  better  ? 

(38)  The  diffcxence  between  the  i ncomes  derived  from  in- 
vesting a  certain  sum  in  6  par  ce  nt.  stock  at  126,  and  in  9 
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per  cent,  stock  at  210,  is  ^22.  10s.     What  is  the  amount  in- 
vested ? 

(39)  I  sell  out  of.  the  3  per  cents,  at  96,  and  invest  the 
proceeds  in  Railway  6  per  cent,  stock  at  par ;  find  by  how 
much  per  cent,  my  income  is  increased. 

(40)  If  a  dh  per  cent,  stock  be  at  91,  how  much  must  I 
invest  in  it,  so  as  to  have  a  yearly  income  of  £932,  after  pay- 
ing Id  in  the  pound  income-tax  ? 

(41)  By  selling  out  £4500  in  the  India  5  per  cent,  stock  at 
112^,  and  investing  the  proceeds  in  Egyptian  7  per  cput. 
stock,  a  person  finds  his  income  iacreased  by  £168.  155. 
What  is  the  price  of  the  latter  stock  ? 

(42)  Find  the  alteration  in  income  occasioned  by  shifting 
£3200  stock  from  the  3  per  cents,  at  86f ,  to  4  per  cent,  stock 
at  114|  :  the  brokerage  being  |  per  cent. 

(43)  A  owns  a  farm  which  rents  for  $411.45  per  annum. 
If  he  sell  the  farm  for  $8229,  and  invest  the  proceeds  in  U. 
S.  6's,  5-20's  of  84,  at  105,  paying  ^  per  cent,  brokerage,  will 
his  yearly  income  be  increased  or  diminished,  and  how 
much  ? 

(44)  Through  a  broker  I  invested  a  certain  sum  of  money 
ia  U.S.  6's,  5-20  at  lOT^j,  and  twice  as  much  in  U.S.  6's 
10-40  at  98^,  brokerage  in  each  case  ^  per  cent.  My  in- 
come from  both  investments  was  $1074.  How  much  did  I 
invest  in  each  kind  of  stock  ? 

(45)  jL  purchased  goods  for  which  he  was  to  pay  $7000  in 
currency,  or  S5500  in  gold.  Will  he  gain  or  lose  by  accept- 
ing the  latter  proposal,  gold  being  at  125,  and  how  much  ? 

(46)  I  invest  in  the  3  per  cents,  at  92.  They  fall  to  85, 
and  I  sell  out  and  obtain  a  safe  investment  paying  5  per 
cent.,  but  not  subject  to  fluctuation  of  value.  How  long 
must  1  hold  it  before  I  shall  make  a  profit  by  the  change, 
in  case  3  per  cents  rose  to  their  former  value  ? 

(47)  I  own  $4000  Montreal  Bank  stock  paying  an  annual 
dividend  of  14  per  cent.  I  sell  at  180  and  invest  in  Toronto 
Gas  Company  stock  at  125  and  receive  an  annual  dividend 
of  9  per  cent.  Wliat  change  is  made  in  my  income,  broker- 
age being  |  %  and  |  %  on  the  respective  transactions  ? 

(48)  A  person  bougiit  stock  at  95:^,  and  after  receiving  the 
half  yearly  dividend  at  the  rate  oi  7  per  cent,  per  annum, 
sold  out  at  92f  and  made  a  profit  of  $87.50.  How  much 
stock  did  he  buy  ? 

(49)  Whether  is  it  better  to  invest  in  the  6  per  cents  at 
98.^,  or  in  the  5  per  cents  at  85,  brokerage  being  ^  per  cent.? 
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(50)  What  sum  must  a  man  invest  in  the  Dominion  6's  at 
101  in  order  to  have  a  clear  income  of  11775.50,  after  pay- 
ing an  income  tax  of  If  cents  on  the  dollar  on  all  over 
$400? 

(51)  A  gentleman  has  been  receiving  12  per  cent,  on  his 
capital  in  Canada.  He  goes  to  England  to  reside,  and  in- 
vests it  in  the  3  per  cents,  at  94|,  and  his  iacome  in  England 
is  £2400.  What  was  his  income  in  Canada,  £  being  equal 
to  $4.86f  ? 

(52)  By  selling  out  ^64500  in  the  Itidia  Five  per  Cent. 
Stock  at  112|,  and  investing  the  proceeds  in  Egyptian  Seven 
per  Cent.  Stock,  A  finds  his  income  increased  by  ^6168.  15s. 
What  was  the  price  of  the  latter  stock,  brokerage  on  each 
transaction  being  ^  per  cent.  ? 

(53)  The  6  per  cents,  are  at  91 1  and  the  7  per  cents,  at 
102.  A  person  has  a  sum  of  money  to  invest  which  will  give 
him  S4500  more  of  the  former  stock  than  of  the  latter.  Find 
the  difference  of  income  he  could  obtain  by  investing  in  the 
two  stocks. 

(54)  One  company  guarantees  to  pay  5  per  cent,  on  shares 
of  $100  each  ;  another  guarantees  at  the  rate  of  4f  per  cent. 
on  shares  of  $30  each  ;  the  price  of  the  former  is  124^,  and 
of  the  latter  $34  each  ;  compare  the  rates  of  interest  which 
the  shares  return  to  the  purchasers. 

(55)  The  present  income  of  a  railway  company  would 
justify  a  dividend  of  3f  per  cent.,  if  there  were  no  fjreference 
shares  ;  but  as  $1200000  of  the  stock  consists  of  such  shares, 
wh'ch  are  guaranteed  5  per  cent,  per  annum,  the  ordinary 
shareholders  receive  only  3  per  cent.  What  is  the  whole 
amount  of  stock  ? 

(56)  Received  from  my  correspondent  in  New  York 
$6150  U.S.  currency,  with  instructions  to  deduct  my  com- 
mission at  2|  per  cent.,  and  invest  the  remainder  in  Cana- 
dian Tweeds  worth  $1.03i  per  yard.  How  many  yards 
should  I  send  him,  gold  being  quoted  at  115  ? 

Examination  Papers, 
I. 

(1)  In  a  sale  of  goods  for  $728  there  is  a  loss  of  9  per 
cent. ;  for  what  must  3  times  the  quantity  be  sold  in  order 
to  gain  7  per  cent.  ? 

(2)  If  20  per  cent,  be  gained  by  selling  m  artjple  for  $2.10; 
what  is  the  gain  or  loss  per  cent,  when  it  is  sold  for  $1.60  ? 
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(3)  A  grocer  had  150  lbs.  of  tea,  of  which  he  sold  50  lbs. 
at  ^1.80  per  pound,  and  found  he  was  g&imdg  only  7.j  per 
cent.,  but  he  wished  to  gain  10  per  cent,  on  the  whole.  At 
what  rate  must  the  remaining  100  lbs.  be  sold  that  he  may 
attain  his  wishes  ? 

(4)  A  tradesman  adds  35  per  cent,  to  the  cost  price  of  his 
goods,  and  gives  his  customers  a  reduction  of  10  per  cent,  on 
their  bills ;  what  profit  does  he  make  ? 

(5)  A  bill  of  $2520  due  a  year  hence  can  be  taken  up  now 
at  5  per  cent,  discount.  Supposing  a  tradesman  can  employ 
his  capital  so  as  to  obtain  interest  at  the  end  of  every  quarter 
at  the  rate  of  4^  per  cent,  per  annum,  had  he  better  so 
employ  it  or  take  up  the  bill ;  and  what  will  be  the  difference 
to  him  ? 

II. 

(1)  A  tradesman  marks  bis  goods  with  two  prices,  one 
for  ready  money,  and  the  other  for  one  year's  credit,  allow- 
ing discount  at  5  per  cent.  If  the  credit  price  be  marked 
$2.45,  what  ought  the  cash  price  to  be  ? 

(2)  If  goods  be  sold  on  condition  to  allow  10  per  cent, 
discount,  if  payment  be  made  at  the  end  of  six  months, 
what  discount  ought  to  be  allowed  if  payment  be  actually 
made  (1)  three  months  before,  and  (2)  three  months  after  the 
stated  time,  if  money  bear  interest  at  5  per  cent,  per  annum  ? 

(3)  A  person  purchases  goods  at  #1.20  per  pound  Troy 
weight  and  sells  them  again  by  Avoirdupois  weight ;  at 
what  rate  per  ounce  must  he  sell  so  as  exactly  to  reimburse 
his  outlay  ? 

(4)  What  is  m^ant  when  it  is  said  that  Consols  are  at 
88:^  ?  What  are  they  at  when  £9000  is  paid  for  £1001)0 
Consols  ? 

(5)  A  person  sells  $1200  stock  in  the  3  per  cents,  at  86,  in 
order  to  invest  in  bank  stock  paying  8  per  cent.;  what  price 
must  he  pay  for  it  to  be  neither  a  gainer  nor  loser  ? 

III. 

(1)  I  send  $3000  to  my  agent  in  Montreal  to  invest  in  tea 
at  75c  per  lb.  He  deducts  his  commission  of  2  per  cent, 
and  purchases  the  tea.  How  many  pounds  do  I  receive  and 
at  what  must  I  sell  per  lb.  so  as  to  make  a  profit  of  25% 
after  paying  freightage  $30  and  insurance  at  the  rate  of  ^ 
per  cent.? 

(2)  Bought  land  at  $50  an  acre  ;  how  much  must  I  ask 
an  acre  that  I  may  take  o£f  25  per  cent,  from  my  asking 
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price,  and  still  mako  20  per  cent,  profit  on  the   purchase 
money  ? 

(3)  A  buys  silks  at  $2,25  per  yard  on  a  credit  of  6  months. 
B  buys  the  "same  quahty  of  silks  for  ^2.15  per  yard,  cash. 
"Which  makes  the  best  pm'chase,  money  being  worth  10  per 
cent.,  and  what  must  the  goods  be  marked  at  to  insure  a 
gain  of  25  per  cent.?  Or,  if  the  silks  be  sold  at  $3  per  yard, 
what  profit  per  cent,  does  each  make  ? 

(4)  A  person  buys  an  article  and  sells  it  so  as  to  gain  5 
per  cent.  If  he  had  bought  it  at  5  per  cent,  less,  and  sold 
it  for  5  cents  less,  he  would  have  gained  10  per  cent.  Find 
the  cost  price. 

(5)  A  person  buys  6  per  cent,  city  of  Toronto  bonds,  the 
interest  on  which  is  paid  yearly,  and  which  are  to  be  paid 
off  at  par,  3  years  after  the  time  of  purchase  ;  if  money  be 
worth  6  per  cent.,  what  price  should  he  give  for  the  bonds  ? 

IV. 

(1)  Bought  cloth  at  $3  in  gold,  and  sold  at  S4  in  currency. 
Did  I  gain  or  lose  hj  the  transaction,  and  how  much  per 
cent,  in  currency,  gold  being  at  118? 

(2)  A  merchant  sold  24  cheese  at  $30  each.  On  one  half 
he  gained  30  per  cent.,  and  on  the  remainder  he  lost  30  per 
cent.  ;  did  he  gain  or  lose  on  the  whole,  and  how  much  ? 

(3)  A  man  wishing  to  sell  his  farm  asked  36  per  cent,  more 
than  it  cost  him,  but  he  finally  sold  it  for  20  per  cent,  less 
than  his  asking  price.  He  gained  $528  by  the  transaction. 
How  much  did  the  farm  cost,  what  was  his  asking  price, 
and  for  how  much  did  he  sell  it? 

(4)  A  person  having  to  pay  ^1085  at  the  end  of  2  years 
invested  a  certain  sum  in  3  per  cent,  stock,  allowing  the 
dividends  to  accumulate  until  the  payment  of  the  debt,  and 
also  an  equal  sum  next  year,  and  also  the  previous  year's 
interest.  If  the  investment  is  made  and  the  debt  paid  when 
stock  was  at  73,  what  must  be  the  sum  invested  on  each 
occasion  that  there  may  be  just  sufficient  to  pay  the  debt  at 
the  proper  time  ? 

(5)  A  merchant's  stock-in-trade  is  valued  on  Jan.  1,  1875, 
at  #40000,  he  has  $1750  in  cash  and  owes  $9350 ;  during  the 
year  his  personal  expenses,  $1500  are  paid  out  of  the  pro- 
ceeds of  the  business,  and  on  Jan.  1,  1876,  his  stock  is  valued 
at  # 39750,  he  has  S2850  in  cash  and  owes  $7550.  What  is 
the  whole  profit  of  the  year's  transactions  after  deducting  5 
per  cent,  interest  on  the  capital  with  which  he  began  the 
year? 
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V. 

(1)  I  received  an  8  per  cent,  dividend  on  railway  stock, 
and  invested  the  money  in  the  same  stock  at  80.  My  stock 
having  increased  to  $13750,  what  was  the  amount  of  my 
dividend  ? 

(2)  How  many  shares  of  |50  each  must  be  bought  at  25 
per  cent,  discount,  brokerage  If  per  cent.,  and  sold  at  16 
per  cent,  discount,  brokerage  1^  per  cent.,  to  gain  $121. 66|? 

(3)  What  sum  must  be  invested  in  United  States  10-40's 
bearing  interest  at  5  per  cent.,  payable  in  gold  purchased  at 
par,  to  produce  a  semi-annual  income  of  $400  U.  S.  currency, 
when  gold  is  quoted  at  175  per  cent.  ? 

(4)  The  charter  of  a  new  railroad  company  limits  the 
stock  to  $1500000,  of  which  3  instalments  of  $10  per  cent., 
20  per  cent.,  and  40  per  cent,  respectively  having  been  paid 
in  ;  the  cost  of  construction  has  reached  $850000,  and  the 
estimated  cost  of  completion  is  $850000.  If  the  company 
call  in  the  final  instalment  of  its  stock,  and  assess  the  stock- 
holders for  the  remaining  outlay,  what  will  be  the  rate  per 
cent.  ? 

(5)  A  person  invests  $16380  in  the  3  per  cents,  at  91  ;  he 
sells  out  $12000  stock  when  they  have  risen  to  93.},  and  the 
remainder  when  they  have  fallen  to  85.  How  much  does 
he  gain  or  lose  by  the  transaction.  If  he  invests  the  pro- 
duce in  4^  per  cent,  stock  at  102,  what  is  the  difference  in 
liis  income  ? 

XXVIII.    Division  into  Proportional  Parts. 

202.  Suppose  3  persons,  A,  B,  and  C,  to  be  in  part- 
nership, and  an  arrangement  made  that  the  profits  of 
tlie  business,  in  which  they  are  engaged,  are  to  be  di- 
vided into  6  equal  parts,  of  which  ^  is  to  take  3  ])arts, 
B  2  parts,  and  C  1  part.  The  shares  of  A,  B,  and  C 
are  then  said  to  be  in  the  proportion  of  3,  2,  and  1. 

Ex.  (1).  Divide  $1275  among  3  persons,  whose 
shades  are  to  be  in  the  proportion  of  3,  5,  and  7. 

This  may  be  regarded  as  a  case  in  which  one  holds  3 
shares,  one  5,  and  one  7,  and  they  hold  15  shares  in  all. 

Hence,  if  we  divide  $1275  by  15,  and  we  get  the  amount 
of  one  share,  that  is,  amount  of  one  sharo  =  $JL?_l».  =:  |85. 

Then  one  of  the  persons  receives  3  X  $85,  or  $255  ; 

the  second  receives  5  X  $35,  or  $425 ; 

the  third  receives  7  X  $35,  or  $595. 
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Ex.  (2).  Divide  $837  among  three  partners,  wliose 
shares  are  to  be  in  the  proportion  of  ^,  ^,  and  ^. 
The  common  denominator  of  ^,  i,  and  ^  is  30 ; 
.•.  the  shares  are  to  be  in  the  proportion  of  Jg,  Jg,  and  s%  ', 
that  is  the  proportion  of  15,  10,  and  6 ; 
Now  15  +  10  +  6=31. 
.'.  amount  of  one  share  out  of  31  shares  =  $  Vr'  =  ^'^7. 
Then  one  ot  the  partners  receives  15  x  ^27,  or  $405  ; 
the  second  receives  10  X  $27,  or  $270; 
the  third  receives    6  X  $27,  or  ^162. 

Ex.  (3).  A  rate  of  $4212  is  to  be  paid  by  three  town- 
ships, and  the  property  on  which  it  is  levied  is  $24700 
in  the  first,  $37250  in  the  second,  and  $48350  in  tlie 
third.     What  sum  is  paid  by  each  ? 

Amount  of  property  on  which  the  rate  is  levied  is  $105300. 
Then  $105300  has  to  pay  a  rate  of  $4212. 
.'.  $1  has  to  pay  a  rate  ^toIsuo 

.-.  $24700    has  to  pay  a  rate  $247oox^^jj   ^^  ^gg 

^  ^    -  105300 

$37250     has  to  pay  a  rate  ^37250x4212  ^^  ^^^^q 

^    -^  10  5  3  0  0 

$43350     has  to  pay  a  rate  $  ^^^/'l^^^'' ,  or  $1734. 

Ex.  (4).  Divide  $1000  among  A,  B,  and  C,  so  that  A 
may  have  half  as  much  again  as  B,  and  B  a  third  as 
much  again  as  C. 

Kepresenting  Cs  part  by  1, 

B's  part  will  be  1^, 
and  A's  part  will  be  1-^-  +  |  of  1^  =  2  ; 
and,  therefore,  the  parts  are  to  be  as  the  numbers  2,  1^,  1, 
.*.  All  the  shares  :=2  +  l^  +  l  =  4^  times  G's  share. 
4^  tunes  C's  =  $1000, 

C's  =  ^-^  =  $230-769, 

B's  =  I  of  O's  r=  $307-692, 
^'s  =  2  times  C^'s  =  $461-538. 

Ex.  (5).  Divide  the  number  237  into  three  parts  such 
that  three  times  the  first  may  be  equal  to  5  times  the 
second  and  to  8  times  the  third. 

Take  the  first  part  as  the  unit  ;  then  by  the  question 
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the  second  part  will  be  |  of  the  first,  and  the  third  will 
be  I  of  the  first. 

Sum  of  the  parts  =  1  +  |  -f  f  =  |9  times  the  fii,yfc. 
Hence  |§  times  the  1st  =  237, 

the  1st  --  237  ^  |§  =  120, 
the  2nd  =  |  of  1st  =:  §  of  120  =  72. 
the  3rd  --=  f  of  1st  =  §  of  120  =  45. 
Ex.  (6).  Divide  $3400  among  A,  B,  and  C,  so  that 
A  may  have  $800  more  than  f  of  ^'s  share,  and  B  $600 
less  than  f  of  C's  share. 

Representing:  G's  share  by  1,  then 

B's  share  =  f  of  C's  share  -  S600 
A 's  share  =  |  of  B's  share  +  ^800 

=  I  (I  of  O's  -  $600)  +  $800 
=  i  of  Cs  +  S400 
Sum  of  all  the  shares  =  O's  +  J  (Ts  -^GOO  +  ^  £?'«  +  $400 
=  f  C's  -  $200. 
...  I  O's  -  $200  =  $3400 

ocs  =  $3400  +  $200 
=  $3600 
C's  =  $1600. 
B's  =  f  of  $1600  -  $600 

==  $600 
A's  =  i  of  $1600  +  $400 
=  $1200. 
Examples-    (cxi) 

(1)  Divide  $60  into  two  parts  proportional  to  11  and  9. 

(2)  Divide  $2500  into  parts  proportional  to  2,  3,  7,  8. 

(3)  Divide  $8470  into  parts  proportional  to  h,  i,  k  ^^^  h 

(4)  Gunpowder  is  made  of  saltpetre,  sulplmr,  and  charcoal, 
in  parts  proportional  to  75,  10  and  15  ;  how  many  pounds  of 
each  are  contained  in  12  cwt.  of  gunpowder  ? 

(5)  The  sides  of  a  triangle  are  as  3,  4,  5,  and  the  sum  oftho 
lengths  of  ths  sides  is  480  yards  :  find  the  sides. 

(6)  Divide  $040  among  A,  B  and  0,  so  that  A  may  have 
three  times  as  much  as  B,  and  C  as  much  as  A  and  B  to- 
gether. 

(7)  Divide  100  apples  among  three  boys,  so  that  the  first 
may  receive  7  as  often  as  the  second  receives  8,  and  the  tliird 
may  receive  5  as  often  as  the  second  receives  4. 

(8)  A  bankrupt  owes  ^272.  10s.  to  A,  £354.  5s.  to  B,  and 
£490.  lOs.  to  C:  his  assets  are  £418.  19s.  4^^.  What  will 
each  of  the  creditors  receive  ? 
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(9)  A  force  of  police  1921  strong  is  lo  be  distributed  among 
4  towns  in  proportion  to  the  number  of  inhabitants  in  each  ; 
the  population  being  4150,  12450,  24900,  and  29050,  respec- 
tively.    Determine  the  number  of  men  sent  to  each. 

(10)  Divide  £29  into  an  equal  number  of  half-sovereigns, 
crowns,  half-crowns,  shillings,  sixpences,  and  fourpences. 

(11)  A  piece  of  land  of  200  acres  is  to  be  divided  among 
four  persons,  in  proportion  to  their  rentals  from  surrounding 
property  :  supposing  these  rents  to  be  ^6500,  £350,  £800,  and 
£90,  how  many  acres  must  be  allotted  to  each  ? 

(12)  Divide  £2.  15s.  among  A,  B,  and  0,  so  that  for 
each  threepenny  piece  received  by  ^,  B  may  receive  a  four- 
penny  piece,  and  that  there  are  as  may  shillings  in  the  sum 
received  bv  C  as  there  are  sixpences  in  the  sum  received 
by  B. 

(13)  Divide  $10.40  among  5  men,  7  women,  and  14  boys, 
so  that  each  woman  may  have  |  of  each  man's  share,  and 
each  boy  |  of  each  woman's  share. 

(14)  A  number  of  men,  women,  and  children,  are  in  the 
proportions  2,  3,  5  ;  divide  $517.65  among  them,  so  that  the 
shares  of  a  man,  a  woman,  and  a  child  may  be  proportional 
to  3,  2,  1,  there  being  9  women. 

(15)  A  man  left  his  property  to  be  divided  among  his  3 
sons  in  proportion  to  their  ages  which  are  21,  18,  and  12 
years.  The  share  of  the  youngest  is  $1440.  What  was  the 
value  ol  the  property  ? 

(16)  Divide  $5000  among  A,  B,  and  C,  so  that  A  may  get 
$300  less  than  f  of  C's  share,  and  C,  $800  more  than  |  of  B's 
share.     What  are  the  shares  ol  each  ? 

(17)  Divide  $5000  among  A,  B,  C,  and  D,  so  that  A  may 
get  f  of  B's  share  and  $250 ;  B,  $200  more  than  |  of  C's 
share,  C,  $100  less  than  i%  of  D's  share.  What  are  the 
shares  of  each  ? 

(18)  The  sum  of  three  fractions  is  A||- ;  and  22  times  the 
first,  23  times  the  second,  and  24  times  the  third  give  equal 
products.     Find  the  fraction. 

(19)  Divide  the  simple  interest  on  $1171  for  13  years  at  6 
per  cent,  in  parts  which  shall  have  the  same  relation  as  ^,  X, 

9  5  8 

TIT'  TU'  T5' 

(20)  Of  the  boys  in  a  school  one-third  are  over  15  years  of 
age,  one  third  between  10  and  15.  A  legacy  of  $400  can  be 
exactly  divided  amongst  them  by  giving  $3-  to  each  boy  over 
15,  $^-  to  each  between  10  and  15,  and  $|-  to  each  of  the  rest. 
How  many  boys  are  there  in  the  school. 
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PARTNERSHIP. 

203.  When  persons  unite  to  carry  on  any  particular 
branch  of  business  the  connection  so  formed  is  called  a 
PAETNERSHip.  Tlic  mcthod  of  working  questions  in 
partnership  is  the  same  as  that  explained  in  the  preced- 
ing article. 

Ex.   (1).  A,  B,  and  C   entered  into   partnership  to 
carry  on  a  mercantile  business  for  two  years.     A  puts 
in  $9000,  B  $6000,  and  G  $3000.    They  gained  $4500. 
"What  is  each  one's  share  of  the  gain  ? 
The  whole  capital  invested  is  $18000. 
Then  $18000  gain  $4500. 

.-.  $1  gains  $T-\^f/V  or  $i. 
19000  gains  $^-^  =  $2250. 
$6000  gains  $^^  =  $1500. 
$3000  gains  $-4—  =  $750. 

Hence  A's  share  of  the  gain  is  $2250  ;  P's,  $1500  :  and 
C's,  $750. 

Ex.  (2).  A,  B,  and  C  entered  into  partnership  for 
trading.  A  put  in  $600  for  4  months  ;  B  $400  for  5 
months,  and  0  $200  for  6  months.  They  gained  $980  ; 
what  was  each  man's  share  of  the  gain  ? 

$600  for  4  months  =  $2400  for  1  month. 

1400  "    6       "        =  $2000       " 

^200  "    6       "        ==$1200       " 

The  whole  capital  is  equivalent  to  $5600  for  1  month. 

Then  $5600  gain  $980 ; 
.-.  $1  gains  $AVo=?V 
<^2400  gains  S?Ao  o.x_7  -=  ^420. 

$2000  gains  $2,000^7  =  $350. 
4  0 

$1200  gains  $i-2  0  0  ><_7  ^  ^210. 
.-.  ^'5  share  is  $420,  B's  $350,  and  C's  $210. 

Examples    (cxii) 
(1)    Two  men  jointly  purchased  a  house  for  $2592,  the 
first  contributing  $864  towards  the  purchase  and  the  second 


PARTNEESHIP. 


223 


$1728.  They  afterwards  rented  the  house  for  $132.75  annu- 
ally.    What  share  of  the  rent  ought  each  to  have  ? 

(2)  A,  B,  and  G  jointly  rented  ar  pasture  for  8  months, 
agreeing  to  pay  $22.50  for  the  use  of  the  same.  A  put  in 
6  horses,  B  put  in  18  cows,  and  0  90  sheep.  Considering 
each  horse  as  equivalent  to  two  cows,  and  each  cow  as  equal 
to  3  sheep,  what  part  of  the  rent  ousrbt  each  to  pay  ? 

(3)  A,  B,  and  0  entered  into  partnership  for  speculating 
in  cotton,  their  joint  capital  being  $25780,  of  which  A  fur- 
nished I,  B  contributed  f  of  the  remainder,  and  Othe  bal- 
ance. Their  clear  profit  was  20  per  cent,  of  the  original  in- 
vestment.    How  should  it  be  divided  ? 

(4)  A  starts  a  business  with  a  capital  of  $2400  on  the  19th 
of  March,  and  on  the  17th  of  July  admits  a  partner  B  with  a 
capital  of  $1800.  The  profits  amount  to  $943  by  the  31st  ol 
December.     What  is  each  person's  share  ? 

(5)  D  and  E  enter  into  partnership;    D  puts  in  $40  for 

8  months,  and  E  $75  for  4  months.  They  gain  $70.  What 
is  each  man's  share  in  the  gain  '? 

(6)  J.,  B,  C  are  partners  ;  A  put*  in  $500  for  7  months, 
B  $600  for  8  months,  and  0  $900  for  9  months.  The  profit 
is  $410.     What  is  the  share  of  each? 

(7)  Three  graziers  hire  a  pasture  for  their  common  use, 
for  which  they  pay  $106.  One  puts  in  10  oxen  for  3  mouths, 
another  12  oxen  for  4  months,  and  the  third  14  oxen  for  2 
months.     How  much  of  the  rent  should  each  pay  ? 

(8)  Two  men  complete  in  a  fortnight  a  piece  of  work  for 
which  they  are  paid  $29.55.     One  of  them  works  alternately 

9  hours  and  8  hours  a  day.  The  other  works  9^  hours  for 
5  days  in  the  week,  and  does  nothing  on  the  remaining  day. 
What  part  of  the  sum  should  each  receive  ? 

(9)  A  and  B  begin  to  trade  in  partnership.  A  puts  in 
$400  at  first,  and  $500  at  the  end  of  two  months.  B  puts  in 
$300  at  first,  and  $600  at  the  end  of  three  months.  The 
profit  at  the  end  of  the  year  is  $470.  How  should  this  be 
divided  ? 

(10)  Johnston  and  Wilson  formed  a  copartnership  in 
business  for  2  years.  Johnston  at  first  contributed  $3000  to 
joint  capital,  and  at  the  end  of  12  months  put  in  $1500  more. 
Wilson  at  first  put  in  $oo00,  but  at  the  end  of  15  month- 
from  the  beginning  withdrew  $1000,  At  the  end  of  the  firs; 
year  they  admitted  Miller  into  the  firm,  he  contributing 
$2250.  Then-  joint  profits  were  $1248.  How  ought  this  iv 
be  apportioned  ? 
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(11)  A  and  B  rent  a  field  for  $88.20.  A  puts  in  10  horses 
for  1|  months,  30  oxen  for  2  months,  and  100  sheep  for  3| 
months  ;  B,  40  horses  for  2^  months,  50  oxen  for  1|  months 
and  115  seeep  for  3  months.  If  the  food  consumed  in  the 
same  time  by  a  horse,  an  ox  and  a  sheep,  be  as  the  numbers 
3,  2,  1,  what  proportion  of  the  rent  must  each  pay  ? 

(12)  A  person  in  his  will  directed  that  ^  his  property 
should  be  given  to  A,  ^  to  B,  ^  to  C,  and  i  to  D  ;  shew  that 
this  disposition  cannot  be  fulfilled.  If  his  property  amount 
to  $1886.50,  dispose  of  it  so  that  their  shares  may  have  to 
one  another  the  relation  he  intended. 

(13)  A,  B,  and  C  had  each  a  cask  of  rum  containing  re- 
spectively 36,  54,  and  78  gallons.  They  blended  their  rum 
and  then  refilled  their  casks  from  the  mixture ;  how  much  of 
the  rums  of  A  and  B  are  contained  in  Cs  cask  ? 

(14)  A  rents  a  house  for  $187.20,  at  the  end  of  4  months 
he  takes  in  -B  as  a  co-tenant,  and  they  admit  C  in  like  man- 
ner for  the  last  2^  months  ;  what  portion  of  the  rent  must 
each  of  them  pay  ? 

PARTNERSHIP  SETTLEMENTS. 

204.  When  a  partnership  is  dissolved,  either  by  mu- 
tual consent  or  by  limitation  of  contract,  the  adjustment 
of  tlie  proceeds  between  the  members  is  called  a  Partner- 
ship Settlement.  If  the  Eesources  are  found  to  exceed 
the  Liabilities,  the  difference  is  termed  Net  Capital  ; 
if  the  Liabilities  exceed  the  Eesources,  the  difference  is 
Net  Insolvency.  The  investment  of  the  partners  is  the 
Net  Capital  at  commencement.  If  the  net  cax)ital  at 
closing  exceeds  the  net  capital  at  commencement, 
the  difference  is  the  Net  Gain  ;  if  the  opposite.  Net 
Loss.  This  net  gain,  or  net  loss,  is  then  shared 
between  the  pai'tners  in  accordance  with  the  original 
agreement  between  them.  This  division  is  frequently 
not  made  in  exact  proportion  to  the  amount  invested ; 
sometimes  the  skill  of  one  partner  is  considered  equal 
to  the  ca^jital  of  another ;  sometimes  a  stated  salary  is 
allowed  each  partner  according  to  his  ability  or  reputa- 
tion; and  sometimes,  where  unequal  amounts  are  in- 
vested, interest  is  allowed  each  partner  on  his  invest- 
ment ;  but  whatever  allowance  is  made  such  allowance 
must  be  claused  as  a  liability  and  go  to  reduce  the  gain. 
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Ex.  (1).  A  and  B  are  partners.  The  following  is  a  state- 
ment of  their  property  and  debts  :  they  have  cash,  |3240  ; 
merchandise, $2575  ;  Bills  Receivable,  I860;  J.  Brown  owes 
on  account,  ^375.  They  owe  on  Bills  Payable,  $1250  ;  and 
J.  Jones  on  account,  $370.  A  invested  at  commencing, 
S2500,  and  drew  out,  during  business,  $560.  B  invested 
32500, and  drew  out,  during  business,  $280.  They  agreed  to 
share  equally  in  gains  and  losses.  "What  was  the  net  gain  ? 
and  what  was  the  net  capital  of  each  at  closing  ? 

Besoubces  and  Liabilities.       j  Owneeship. 

Db.  Cr.  Db.  Oh. 


§560  A  withdre-w.  $25uO 

280  B  "  2500 

840  Total  investment  5000 

"       withdrawn   840 

F: .  ji's  net  investment  4160 


f3240  $l'-^r)0 

2575  370 

860  

375  1620 

7050  Kesources  at  Closing. 
1620  Liabilities  " 

5430  Present  Worth  of  Firm. 
4160  Credit  excess  of  Ownership. 

1270  Net  Gain. 

G35  ^'s  share  of  net  gain. 
635  B's 

Hence  J 's  present  net  capital  =  $2500  -  $560  +  $r^35  -- 
$2575,  and  .B's  present  net  capital  =  $2500  -  $280  +  $635 
=  $2855. 

Examples,  (cxiii) 

(1)  A  and  B  having  conducted  business  1  year  as  partners, 
close  with  the  following  resources  and  liabilities  :  They  have 
cash,  $3456;  Mdse..  $2120;  Bills  Keceivable,  $1874;  E. 
Corby  owes  $630.  They  owe  on  Bills  Payable,  $3250  ;  W. 
Smitii  on  account,  $846.  A  invested  $1500  and  withdrew 
$175.  B  invested  $1500  and  drew  out  $315.  What  s  the 
net  gain,  and  net  capital  of  each  at  closing  ? 

(2)  A  and  B  close  business  us  follows  :  They  have  cash, 
$1424;  Mdse.,  $1562;  Fixtures,  $383;  Mortgages  Eeceiv- 
able,  $3485;  Bills  Kecsivable,  $826.  They  owe  on  Bills 
Payable,  $2450  ;  on  accounts,  $1240.  A  invested  $6000,  and 
a  debt  for  $1000  was  assumed  by  the  firm,  and  paid  during 
bu'^iness.  He  drew  out  $685  ;  and  is  allowed  interest  on 
capital  invested,  $420.  B  invested  $4000,  and  drew  out 
$1860,  and  is  allowed  interest  on  capital,  $280.  A  is  to 
share  f  and  B  |  of  gains  and  losses.  What  is  the  net  loss  ? 
What  is  the  nee  capital  of  each  ? 

(3)  A  and  B  close  business,  and  wish  to  know  the  finjui- 
oial  standing  of  each.     They  have  cash,  $2263,  and  Heal 
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Estate  worth  15000.  They  owe  on  Mortgages,  S3846  :  on 
Notes,  ^4462 ;  on  Personal  Accounts,  |675.  A  invested 
$6000  and  drew  out  $2860.  B  invested  $4000,  drew  out, 
$5560,  and  is  allowed  for  extra  services  $250.  A  shares  f 
and  -B  I  of  the  gains  and  losses.  What  is  the  net  losa. 
What  is  the  financial  standing  of  each? 

XXIX.    Alligation. 

205.  Alligation  is  the  process  by  which  we  find  the 
mean  or  average  price  of  a  compound  when  we  mix  or 
unite  two  or  more  articles  of  different  values. 

Ex.  (1).  A  merchant  has  brown  sugar  worth  8  cents 
per  pound,  New  Orleans  worth  9  cents,  and  refined 
sugar  worth  14  cents  ;  how  many  pounds  of  each  kind 
must  he  use  in  order  to  form  a  mixture  worth  12  cents 
per  pound  ? 

By  selling  the  mixture  at  12  cents  per  pound,  we  see  that 
8  cents  (brown)  gains  4  cents  on  1  lb.  ;  .*.  1  cent,  is  gained 
on  i  lb. 

9  cents  (Now  Orleans)  gains  3  cents  on  1  lb. ;  .*.  1  cent  is 
gained  on  ^  lb. 

14  cents  (refined)  loses  2  cents  on  1  lb.  ;  .'.1  cent,  is  lesi- 
on 4  lb. 

Now  wJth  every  cent,  gain  he  must  combinf3  a  cent,  /oss, 
hence  he  must  have 

i  lb.  at  8  cto.\  (3  lbs.  at  8  cts. 
i  lb.  ♦'  14  cts.  I  _  J  6  lbs.  "  14  cts. 
I  \l\  "  9  cts.  I  "  1 4  lbs.  ♦'  9  cts. 
^Ib.  *'  14cts.J  (6  lbs.  *'  14  cts. 
He  must,  therefore,  have  3  lbs.  brown  sugar,  4  l^s.  New- 
Orleans,  and  12  lbs.  refined. 

We  may  show  ihat  these  quantities  will  make  the  mistn- 
required,  as  follows  : 

3  lbs.  at    8  cts.  per  lb,  =    24  cts. 

4  lbs.  "    9  cts.       '•       =    36  cts. 
12  lbs.  "  14  cts.      "       =-  168  ctB. 


ly  cts.  =  whole  mixture.    228  cts.  =  value  of  mixture. 
Hence  if  19  lbs.  be  worth  928  cts., 

1  lb.  is  worth     Vff  ^~-  1'^  ^ta. 
Or  we  may  reason  thus :  The  1  c*  fainH  on  the  \  lb.  of 
Drown  exactly  balances  the  1  ot.  /(Wt  on  ih©  \  lb.  of  the 
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refined.  Hence  he  must  take  ^  lb.  of  the  brown  and  ^  lb.  of 
the  refined,  or  2  lbs.  of  the  one  and  4  lbs.  of  the  other. 

Similarly,  for  every  2  lbs.  of  New  Orleans,  there  must  be 
3  lbs.  of  refined.  As  4  lbs.  of  refined  were  required  to  bal- 
ance the  brown,  and  3  lbs.  of  the  refined  to  balance  the  New 
Orleans,  there  must  be  7  lbs.  of  the  refined  in  the  compound. 
Therefore  the  respective  quantities  are  2  lbs,  brown,  2  lbs. 
New  Orleans,  and  7  lbs.  refined. 

From  the  above,  we  see  that  in  examples  of  this  kind  a 
variety  of  answers  may  frequently  be  obtained,  and  all  of 
them  may  be  correct.  To  ascertain  their  correctness  we 
resort  to  the  method  of  proof  given  in  this  example. 

206.  From  the  above  analysis  we  derive  an  easy 
practical  method  of  solving  such  questions. 

Ex.  (2).  How  much  sugar  at  10,  13,  15,  17,  and  18 
cents  per  pound  must  be  taken  to  make  a  mixture 
worth  16  cents  ? 

We  proceed  as  follows  : 

"Write  down  the  prices  in  a 
vertical  column,  and  place  the 
iifferences  between  these  prices 
and  the  mean  in  a  second  verti- 
cal column  to  the  left.  Now 
take  1  @  10,  1  @13,  and  1  @  15, 
4,  6,  8  (the  lowest  that  can  be  taken) ; 
3,  2,  1  this  would  represent  a  loss  of  10 
as  compared  with  the  mean;  and  this  loss  must  be  balanced 
by  taking  the  necessary  multiples  of  the  differences  1  and  2, 
which  represent  gain  as  compared  with  the  mean. 

It  is  seen  that  this  loss  of  10  can  be  made  up  in  four  ways, 
.v2@17,  4@18,  4@17,  0@18,  6@17,  2@18,  8@  17,  and 
1  @18. 

Other  combinations  may  be  made,  as  e.g. : 

Here  1  @  10,  1  @  13,  and  2  @  15, 
give  loss  of  11,  which  can  be  made  up 
by  multiples  of  the  differences  1  and 
2  (opposite  17  and  18)  in  fve  ways, 

1,  8,  5,  7,  9  as  indicated. 

5,  4,  3,  2,  1 


X>ifferences. 

16 

6 
3 

1 

10 
13 
15 

1 
1 
1 

l' 

2 

17 

18 

2* 
4, 

6 

10 

1 

3 

13 

1 

1 

15 

2 

T 

17 

i 

2 

18 

5, 

Also, 


228 


ALLIGATION. 


6  i  10  1 
8  I  13  2 
1    I    15       1 


Where  1  @  10,  2  @  13  and  1 
15  give  13  loss;  which  may 
mutle  up  in  sice  different  ways. 


@ 


5  I  18 
Agaiu, 


6 

10 

B 

18 

1 

15 

1* 

17 

2 

18 

5,  7,  9,  11 
4,3,2,    1 


2,  4,  6,  8,  10,  12,  14 
7,6,5,4,    3,    2,     1 


Where  2  @  10,  1  @  13  and 
1  @  15  give  loss  of  16,  which 
may  be  made  up  in  seven 
ways. 


Also, 


6 

10 

3 

13 

1 

15 

i 

17 

2 

18 

1 
1 

3 

2,  4,  6,  8,  10 
5,  4,  8,  2,    1 


Where  1  @  10,  1  @  13  and  3  @  15 
give  loss  of  12,  which  may  be  made 
up  in  Jive  ways ;  and  thus  an  indefi- 
nate  number  of  combinations  may  be 
formed. 


It  should  be  observed  that  if  the  differences  opposite  the 
prices  less  than  the  7nean  are  together  greater  than  the  sum 
of  the  other  differences  (as  in  the  exjimple)  we  assign  num- 
bers (the  lowest  possible)  to  the  prices  less  than  the  mean 
FIRST,  and  vice  versa  ;  e.g.  of  the  latter  case  : — 

How  mucii  coffee  at  25,  24,  28,  22,  21,  19,  18  and  17  cent?, 
per  pound  must  be  taken  to  make  a  mixture  worth  2i)  cents 
p^r  pound  ? 

Here  the  sum  of  the  dif- 
ferences   in    excess   of    the 
4,  3,  2,  1,  1,  2  mean  is  greater  than  that  of 

1,  2,  8,  5,  4,  2  &c.    the    differences    below    the 
1,  2,  3,  2,  4,  3  mean  ;  we   therefore  ass'gn 

first  numbers  to   the  prices 
1  which  are  greater  than  the 

1  mean,  viz.,  1  @  21,  1  @  22, 

1  1  @  23,  1   @  24,  and  1  @ 

1  ?n  ;   this  gives  a  gain  of  15, 

1  which  may  be  balanced  as 

above  bv  1  @  19,  1  @  18,  and  4  @  17  ;  or  by  2  @  19,  2  @  18 
and  3  @  17,  &c.,  &c. 

Ex.  (3).  A  grocer  has  12  lbs.  of  brown  sugar,  worth 
10  cents  per  pound,  which  he  wishes  to  mix  with  clari- 
fied sugar  worth  16  cents  per  pound,  so  that  the  mix- 
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hire  may  be  worth  14  cents  per  pound ;  how  many- 
pounds  of  clarified  sugar  must  he  take  ? 

Proceeding  as  in  the  previous  examples,  without  refer- 
ence to  the  quantity  of  the  brown  sugar,  we  find  that 
there  must  be  1  lb.  brown  sugar  to  2  lbs.  clarified  sugar. 
But  as  12  lbs.  of  brown  sugar  are  required,  we  must 
multiply  each  of  these  quantities  by  12  in  order  that 
tlie  gain  and  loss  may  be  equal.  We  shall  therefore 
have  12  X  2  =  24  lbs.  of  clarified  sugar. 

Ex.  (4).  A  grocer  wishes  to  mix  20  lbs.  of  sugar, 
worth  9  cents  per  pound,  and  10  lbs.  worth  12  cents 
per  pound,  with  clarified  sugar,  worth  15  cents,  so  that 
the  compound  may  sell  for  13  cents;  how  much  of  the 
clarified  must  he  take  ? 

20  lbs.  at    9  cents  =  $1.80 
10  lbs.  at  12  cents  =  $1.20 

30  $3.00 

Then,  if  30  lbs.  is  worth  $3, 

lib.        "         i^%  =  10  cents. 

The  value  of  1  lb.  of  the  mixture  is,  therefore,  worth 
10  cents.     The  question  may  then  be  read  as  follows  : 

How  many  pounds  of  clarified  sugar,  worth  15  cents 
per  pound,  must  be  mixed  with  30  lbs.  of  another  kind 
of  sugar,  worth  10  cents  per  pound,  so  that  the  mixture 
may  be  sold  for  13  cents  per  pound  ? 

The  question  in  this  form  has  already  beon  fii'ly  ex- 
plained. 

Ex.  (5).  A  merchant  has  "West  India  sugar  worth  8 
cents  per  poimd,  and  New  Orleans  sugar  worth  13  cents. 
He  wishes  to  combine  these  so  as  to  make  a  barrel, 
containing  175  lbs.,  which  he  may  sell  at  11  cents  per 
pound.     How  many  pounds  of  each  kind  must  he  take  ? 

Solving  the  question  without  reference  to  the  175  lbs., 
we  find  that  2  lbs.  of  West  India  sugar,  and  3  lbs.  of 
New  Orleans  sugar  will  form  a  mixture  worth  11  cents 
per  pound.  Adding  these  quantities,  we  find  that  they 
form  a  mixture  of  5  lbs.     But  the  re(juired  mixtm-e  is 
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to  contain  175  lbs.,  or  35  times  6.     We  shall  thereforf 
have 

35  X  2  lbs.  =    70  lbs.  West  India  sugar. 

85  X  3  lbs.  =  105  lbs.  New  Orleans  sugar. 

Examples,    (cxiv) 

(1)  What  quantities  of  coffee,  worth  23  and  35  cents 
respectively  per  pound,  must  be  mixed  together  so  that  the 
compound  may  be  sold  for  30  cents  a  pound  ? 

(2)  What  quantity  of  oats  at  35  cents  per  bushel,  rye  at  60 
cents  per  bushel,  and  barley  at  80  cents,  must  be  taken  .i 
form  a  mixture  worth  55  cents  per  bushel  ? 

(3)  How  much  tea,  worth  respectively  55  cents  and  75 
cents  per  pound,  must  be  mixed  with  30  lbs.,  worth  90  cents 
per  pound,  in  order  that  the  compound  may  be  sold  for  70 
cents  per  pound  ? 

(4)  How  much  water  will  it  require  to  dilute  60  gallons  of 
alcohol,  worth  ^1.50  per  gallon,  so  that  the  mixture  may  be 
worth  only  $1.20  per  gallon  ? 

(5)  How  many  gallons  of  kerosene  oil,  worth  60  cents  per 
gallon,  must  be  mixed  with  12  gallons  of  coal  oil,  worth  36 
cents,  and  8  gallons  of  Aurora  oil,  worth  56  cents,  so  that 
the  compound  may  be  sold  for  50  cents  per  gallon  ? 

(6)  A  farmer  has  16  bushels  of  corn,  worth  48  cents  per 
bushel,  and  12  bushels  of  oats,  at  34  cents  per  bushel,  which 
he  wishes  to  mix  with  rye,  at  60  cents,  and  barley,  at  80 
cents,  in  order  to  sell  the  compound  at  56  cents  per  bushel. 
How  many  bushels  of  rye  and  barley  will  be  required  ? 

(7)  A  confectioner  mixes  three  different  qualities  of  candy 
worth  respectively  14  cents,  18  cents,  and  30  cents  per 
pound,  so  as  to  make  a  box  of  84  lbs.;  how  many  pounds  of 
each  sort  must  he  take  so  as  to  sell  the  compound  at  an 
average  price  of  24  cents  per  pound  ? 

(8)  A  farmer  has  three  different  qualities  of  wool,  worth 
respectively  33  cents,  37  cents,  and  45  cents  per  pound.  He 
wishes  to  make  up  a  package  amounting  to  120  lbs.,  which 
he  can  afford  to  sell  at  39  cents  per  pound.  How  many 
pounds  of  each  kind  must  he  take  ? 

XXX.    Exchange. 

207.  The  term  ExchaiKje  is  here  used  for  giving  or 
receiving  in  the  money  of  one  country  a  sum  equal  in 
vfllue  CO  a  sum  of  money  of  another  country.     For  e:;- 
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ample,  if  an  English  merchant  pays  to  a  Fienbh  mer- 
chant 100  sovereigns  and  receives  in  return  2500fiancs, 
it  is  a  case  of  Exchange. 

In  countries  which  caiTy  on  considerable  trade  with 
eacli  other,  the  debts  reciprocally  due  from  the  one  to 
the  other  are  generally  neaiiy  equal.  In  England  there 
is  always  a  large  number  of  persons  indebted  to  others 
in  America,  and  likewise  a  large  number  in  America 
owing  money  in  England.  Now  if  coin,  or  specie,  as  it 
is  called,  were  sent  from  England  to  pay  the  debts  in 
America,  and  from  America  to  England,  the  specie 
would  have  to  be  transmitted  twice,  and  would  neces- 
sarily involve  risk,  loss  of  interest,  and  expense  of  tran- 
sportation. To  avoid  this  risk,  &c.,  Bllls  of  Exchange 
are  used  to  liquidate  debts  reciprocally  due  between  two 
places  without  any  actual  transmission  of  money. 

208.  A  Bill  of  Exchange  is  a  written  order,  ad- 
di-essed  to  a  person  in  a  distant  place,  directing  him  to 
pay  a  certain  sum  of  money,  at  a  specified  time,  to 
another,  or  to  his  order.  The  person  who  signs  the 
bill  is  called  the  Drawer,  or  Maker.  The  person  to 
whom  it  is  addiessed  is  the  Drawee,  and  after  the 
Drawee  agrees  to  pay  it,  and  writes  "accepted"  with 
his  signature  and  the  date,  across  the  face  of  it,  he  be- 
comes the  Acceptor.  The  person  to  whom  the  money 
is  to  be  paid  is  the  Payee  ;  if  he  transfers  payment  to 
another  he  Endorses  it,  i.e.,  he  writes  his  name  across 
the  back  of  it  and  becomes  responsible  for  its  payment 
in  case  the  Drawee  fails  to  make  payment. 

209.  The  Par  of  Exchange  betw'een  two  countries 
denotes  the  nominal  value  of  a  unit  of  coinage  in  one 
country,  as  estimated  in  terms  of  a  unit  of  coinage  iu 
the  other  country. 

As  we  supposed  the  exports  from  England  and  Amer- 
ica to  be  equal,  creditors  in  England  will  be  as  anxious 
to  sell  bills  on  America  as  debtors  to  buy  them,  and  the 
exchange  will  deviate  but  slightly  from  the  ^?ar  of  Ex- 
change. But  if  the  exports  from  America  are  in  excess 
of  those  from  England,  or  the  Balance  of  Trade  is  in 
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favor  of  America,  tlie  claims  of  America  in  England 
"will  exceed  its  liabilities,  and  the  English  will  give  more 
than  the  par  value  of  such  bills  to  avoid  the  cost  of 
transmitting  specie  ;  and  on  the  other  hand,  the  export- 
ers in  America  not  finding  sufficient  purchasers  for  all 
their  bills  on  England,  will  sell  them  at  less  than  their 
par  value.  Now  the  real  rate  of  exchange  dej^ending 
on  ^the  balance  of  trade  is  called  the  Course  of  Ex- 
change ;  and  it  is  at  a  premium  or  discount  according  as 
it  is  above  or  below  the  par  of  exchange.  Of  course  no 
one  would  give  a  premium  greater  than  the  cost  of 
transmitting  specie.  But  if  the  balance  of  trade  is 
against  England  as  regards  America,  but  in  favor  of 
England  as  against  France,  the  Enghsh  merchant  may- 
find  it  advantageous  to  remit  to  France,  and  then  for 
France  to  remit  to  America,  and  this  mode  is  adopted 
when  the  courso  of  exchange  by  this  circuitous  route  is 
less  than  the  direct  course  of  exchange.  The  finding 
the  course  of  exchange  between  two  places,  by  com- 
paring the  courses  of  exchange  between  them  and  one 
or  more  intervening  places  is  called  Aebitration  op 
Exchange.  The  arbitration  is  Sim;ple  when  only  one 
place  intervenes,  and  Com,pound  when  more  than  one. 

Bills  of  Exchange  are  usually  drawn  in  sets,  three 
bills  constituting  a  set.  These  are  distinguished  from 
one  another  by  being  called  the  first,  second,  and  third 
of  exchange.  These  are  forwarded  by  different  routes 
so  as  to  guard  against  delay  or  their  being  lost.  The 
first  that  arrives  is  paid,  and  the  other  two  become 
void.  ^ 

210.  By  Act  of  Parliament  the  value  of  the  pound 
sterhng  was  fixed  at  $4|-.  This  was  much  below  its 
intrinsic  value,  which  is  now  fixed  at  $4.86|.  The 
rates  of  exchange  which  are  quoted  in  commercial 
papers  are  still  calculated  at  a  certain  per  cent,  on  tJi^ 
old  par  of  exchange.  Exchange  is  at  par  between  Great 
Britain  and  Canada  when  it  is  at  a  premiam  of  9^  per 
cent.,  for  $4|-  increased  by  9 J  per  cent.,  equals  $4.86^-. 
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FORM  OF  DRAFT  OR  INLAND  BILL  OF  EXCHANGE. 

^1000.  Toronto,  July  12,  1877. 

At  ten  days'  sight,  pay  to  the  order 
of  Adam  Miller  &  Co.,  One  Thousand 
Dollars,  value  received,  and  charge 
to  account  of 

W.  E.  Jones. 
To.  J.  Smith  &  Co., 

Montreal. 


Stamp 


FORM  OF  A  FOREIGN  BILL  OF  EXCHANGE. 

Exchange  for  £200.  Toronto,  July  12,  1877 

Three  days  after  sight  of  this  first 
of  exchange  (second  and  third  of 
same  date  and  tenor  unpaid),  pay  to 
Adam  Miller  &  Co.,  or  order,  Two 
Hundred  Pounds  Sterling,  value 
received,  and  charge  the  same  to 
the  account  of 

W.  B.  Taylor. 
To  Geo.  H.  Simpson,      \ 
Banker,  London.  J 

foreigjV  moneys  of  account, 

With  tlie  par  value  of  the  unit,  as  fixed  by  commercial 

usage,  expressed  in  dollars  and  cents. 

Austria. — 60  krentzers  =  1  florin  (silver)  =  $'485 

Belgium. — 100  cents  =  1  guilder  or  florin  ;  1  guilder 

(silver)  = '40 

Brazil.— 1000  ree8  =  l  milree  =  '828 

British   India. — 12   pice  =  1  anna  ;    16  annas  =  1 

Company's   rupee  =    '445 

Buenos  Ayres. — 8  rials  =  1  dollar  currency,  mean 

value  = '93 

Canton. — 10  cash=  1  candarines ;  10  cand.  =  1  mace  ; 

10  mace  =  1  tael  =  1*48 

Cuba,  Columbia,  and  Chili. — 8  rials  =  1  dollar  =  ...     1.00 
Denmark. — 12  pfenning  =  1  skilliug  ;    16  skilling  = 

1  marc  ;  6  marcs  =  1  rix-doUar  ■=  -52 

France. — 10  centimes  =  1  decime  ;  10  decimes  =  1 

franc  =  'ISd 

Greece. — 100  lepta  =  1  drachme ;  1  drachme   (sil- 
ver) =   '166 

Holland. — 100  cents  =  1  florin  or  guilder ;  1  florin 

(eiiver)  =  '40 
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Hamburg. — 12  pfenning  =  1  schilling  ;  16  schil.  =  1 

marc;    3  marcs  =:  1   rix-dollar  ^ '84 

Mexico. — 8  rials  =  1  dollar  =  l.Ot 

PoKTUGAL. — 400   rees  =  1   cruzado  ;    1000   rees  =  1 

milree  or  crown  = 1.12 

Prussia. — 12  pfennings  =  1  groscli  (silver)  ;  30  gros- 

cben  :=  1  thaler  or  dollar  =  -69 

Russia. — 100  copecks  =  1  ruble  (silver)  =  -78 

Sweden. — 48  skillings  =  1  rix-dollar  specie  == 1.06 

Spain. — 34  maravedis  =  1  real  of  old  plate  *  = -10 

8  reals  =  1  piastre  ;  4  piastres  =:  1  pistole  of  ex- 
change ;  20  reals  vellon  =  1  Spanish  dollar  ^^  ...  1.0( 
Turkey. — 3  aspers  =  1  para  ;    40  paras  =  1  piastre 

(variable)  about -096 

Venice. — 100  centesimi  =  1  lira  =   'ISG 


VALUE  OF  FOREIGN  COINS. 


Guinea  ^5.10 

Sovereign  of  Great  Britain.    4.86| 

Crown  of  England 1.216 

Half  Crown  of  England 608 

Shilling  of  England 24* 

Erauc  of  France 18| 

Five  Franc  Piece  of  France  .'JS 
Livre  Tournois  of  France  ...  .18i 
Forty  Franc  Piece  of  France    7.06 

Crown  of  France 106 

Louis-d'Or  of  France iM 

Florin  of  the  Netherlands...      .40 
Guilder  of  the  Netherlands.      .4'» 
Florin  of  South  Germany  ...      .40 
Thaler  of  Rix-Dollar  of  Prus- 
sia and  North  Germany  ...      .69 

Rix-Dollar  of  Bremen 78f 

Florin  of  Prussia 22| 

Marc-Banco  of  Hamburg  ...      .35 

Florinof  Austria ISi 

Florin  of  Saxony,  Bohemia 

and  l^ieste  48 

Florin  of   Nuremburg   and 

Frankfort  40 

Rix-Dollar  of  Denmark  1.00 

Specie-Dollar  of  Denmark..  l.(  5 
Dollar  of  Sweden  &  Norway  1.06 
Milree  of  Portugal 1.12 


Milree  of  Madeira $1.00 

Milree  of  Azores  83| 

Real- Veil  on  of  Spain 05 

Real-Plate  of  Spain 10 

Pistole  of  Spain 3.97 

Rial  of  Spain 12 

Pistaieen 18 

Cross  PLstareen 16 

Ruble  (silver)  of  Russia  ...      .75 

Imperial  of  Russia  7.83 

Doubloon  of  Mexico  1.5.60 

Halt- Joe  of  Portugal  8.53 

Lira  of  Tuscany  and  Lom- 

bardv 16 

Lira  of  Sardinia  186 

Ounce  of  Sicily  2.40 

Ducat  of  Naples 80 

Crown  of  Tuscany   1.05 

Florence  Livre  15 

Genoa  Livre    18| 

Geneva  Livre 21 

Leghorn  Dollar 90 

Swiss  Livre 27 

Scudo  of  Malta 40 

Turkish  Piastre 05 

Pagoda  of  India 1.84 

Rupee  of  India 44$ 

Taelof  China 1.48 


Ex.  (1).  A  broker  iii  Toronto  sold  a  bill  of  exchange 
on  London,  the  face  of  which  was  for  £750.  8s. ;  what 
did  he  receive  for  the  bill,  exchange  being  quoted  at 
llOi? 

*  The  old  plate  real  is  not  a  coin,  but  is  the  denomination  in  which 
©xchaugeg  are  usually  made. 
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Since  ^1  =  $4f  xl.lOJ,  i.e.,  $4|  increased  by  10^  per  cent. 
.-.  ^750.  4=  $750.4  X4|X  1.101- 
=  $3676.96. 
.-.  he  got  =  $3676.96  for  the  bill. 

Ex.  (2).  What  is  the  value  in  English  money  of 
4528-7  francs,  when  the  course  of  exchange  between 
Paris  and  London  is  at  25*3  francs  per  pound  sterling  ? 

«ince  25-3  fraucs  =  ^1, 
1  franc       =  ^^^73 
.-.  4528-7  francs  =  ^^P.  or  £119. 

Ex.  (3).  A  merchant  pays  a  debt  of  4379  milrees  in 
Portugal  with  £971.  11^.  did.  ;  what  is  the  course  of 
exchange  in  pence  per  mili-ee  ? 

^971.  11^.  Hd.  =  932727  farthings 
Then  since  4379  milrees  =  932727  farthings, 

1  milree  =    43^9    farthings,  or  21  J,   far- 
Lings  ; 
.'.  the  course  of  exchange  is  53^  pence  per  milree. 

Ex.  (4).  If  11-65  Dutch  florins  are  given  for  24*42 
fraucs,  352  florins  for  407  marks  of  Hamburg,  and  58^ 
marks  for  32  silver  rubles  of  St.  Petersburg  ;  how  many 
francs  should  be  given  for  932  silver  rubles  ? 

Here  1  silver  ruble  =  ^|^  marks. 

1  mark  =  ^^~  florins. 

407 

1  florin  =  ^  t^  francs ; 

1165 

.-.  1  silver  ruble  =  -^ff^  xf§  J  X  m|-  francs,  or  3-3 
^•ancs ; 
.-.  932  silver  rubles  =  932X3 '3  Irancs,  or  3075 -G  francs. 

Ex.  (5).  A  New  York  merchant  remits  27940  florins 
to  Amsterdam  by  way  of  London  and  Paris,  at  a  time 
when  the  exchange  of  New  York  on  London  is  $4*885 
for  £1,  of  London  on  Paris  is  25-4  francs  for  PA,  r.nd  of 
Paris  on  Amsterdam  is  212  francs  for  100  florins  ;  ^per 
cent,  brokerage  being  paid  in  Loudon  and  in  Paris,  how 
many  dollars  will  pmxhase  the  bill  of  exchange  ? 
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Since  100  florins  =  212  francs, 

.-.  1  florin  =  -f-^  francs. 

3ut  to  buy  a  bill  of  100  fr.  requires  a  bill  of  lOO;,  fr. 

.-.  to  buy  a  bill  of  1  fr.  requires  a  bill  of  f  g^  fr. 

Again  25.40  fr.  =  ^1 ; 
1   f r    —  J?      1 

But  to  buy  a  bill  of  ^100  requires  ^100^; 

Again  1^  =  ^.885  ; 

.-.  1  florin  =  $^^  X 1^  X  -^-^\,  X  1^  X  4-885. 

■      070^0  flor.-nQ  —  dt.2  7940X212X801X801X4-8  85 

..    .7y40  norms  —  5t>         100x800x25.40x80^ 
—  $11420.317,  sum  required. 

ij]x.  (6).  A  merchant  of  Toronto  wishes  to  transmit 
2400  marcs  banco  to  Hamburg.  He  finds  exchange 
between  Toronto  and  Hamburg  to  be  35  cents  for  1 
marc.  The  exchange  between  Toronto  and  London  is 
$4.83  for  £1  ;  that  between  London  and  Paris  is  26 
francs  for  £1  ;  and  that  of  Paris  on  Hamburg  is  47 
francs  for  25  marcs.  By  what  way  should  the  Toronto 
merchant  remit  ? 


23y 

direct 

exchange  1  marc   -^  $0.35  ; 
.-.  2400  marcs  =  $2400x0*35 

=  $840. 

:^y 

circuitous  exchange  25  marcs  =  47  francs  ; 

.-.    1  marc  =  ||  francs. 

But  26  francs  =  £1 ; 

.-.     1  franc  =  'l^. 

And  £1            =  $4.83. 

.-.  1  marc     :==  $4.83X^X^|; 

.-.  2400  marcs- $^*^«^^/,«//^-' 

-=$888.19. 

ojy  direct  excbange  the  merchant  pays  |84u  for  his  bill  of 
e2:<*hange,  and  only  $888.19  by  the  circuitous  mode  ; 

,'.  the  circuitous  mode  is  better  by  $1.81. 
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Examples-    (cxv) 

(1)  When  $7300  ere  paid  in  Toronto  for  a  bill  of  exchange 
on  Liverpool  for  £1500  ;  how  was  sterling  exchange  quoted  ? 

(2)  What  will  the  cost  of  a  bill  on  Paris  for  236874  francs, 
exchange  being  5.3  francs  to  the  dollar  ? 

(3)  If  £1  be  worth  12  florins,  and  also  be  worth  25  francs 
56  centimes,  how  many  francs  and  centimes  is  one  florin 
worth  ] 

(4)  If£lbe  worth  25^  francs,  and  be  also  worth  2244 
copecks  in  Russian  money,  what  is  the  value  of  the  napoleon 
in  Russian  copecks  ?     (N.B. — 20  francs  =  1  napoleon.) 

(5)  The  French  franc  is  divided  info  100  centimes  and  the 
Frankfort  florin  into  60  kreutzers.  When  the  pound  ster- 
ling is  worth  25,50  francs  in  Paris,  and  11  fl,  54  kr.  at 
Frankfort,  what  is  the  worth  of  the  napoleon  in  florins  and 
kreutzers  ? 

(6)  In  1869  exchange  on  Paris  was  quoted  in  New  York 
at  5.12^  francs  to  the  dollar  and  gold  was  at  135^^.  If  a 
New  York  merchant  owed  12669  francs  in  Havre,  how  much 
would  he  have  to  pay  in  greenbacks  for  a  bill  of  exchange  to 
cover  his  indebtedness  ? 

(7)  A  merchant  in  Toronto  wishes  to  remit  $2767.80  to 
Manchester,  England,  exchange  being  at  108  ;  what  will  be 
the  face  of  his  bill  in  pounds,  shillings  and  pence  ? 

(8)  Find  the  par  of  exchange  between  the  U.  S.  gold  eagle, 
./eighing  258  grains  ^^  fine,  and  the  sovereign  of  which  1869 
weigh  40  lbs.  of  gold  ^^  fine  ? 

(9)  Find  the  arbitrated  rate  of  exchange  between  London 
and  Paris  when  the  course  of  exchange  between  London  and 
Amsterdam  is  12.16^  florins  for  ^1,  and  between  Amsterdam 
and  Paris  209$  francs  for  100  florins. 

(10)  If  a  merchant  buys  a  bill  in  London,  drawn  in  Paris, 
at  the  rate  of  25.5  francs  per  pound  sterling,  and  if  thii.  bill 
is  sold  in  Amsterdam,  at  the  rate  of  30  francs  for  14  florins, 
and  the  money  received  be  invested  in  a  bill  on  Hamburg, 
at  the  rate  of  18  florins  for  20  marcs  banco,  what  i^  ihe  rate 
of  exchange  between  London  and  Hamburg,  or  what  is  a 
pound  sterling  in  London  worth  in  Hamburg  ? 

(11)  If  the  exchange  of  London  on  Hamburg  is  14  marcs 
))anco  per  pound  sterling  ;  that  of  Hamburg  on  Amsterdam 
is  20  marcs  banco  for  18  florins ;  that  of  Amsterdam  on 
Paris  is  28  florins  for  60  francs  ;  and  that  of  Paris  on  Tor- 
onto is  4  francs  for  72  cents,  what  is  the  rate  of  exchange 
between  London  and  Toronto,  or  how  many  dollars  are 
equal  to  £1  sterling:  ? 
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(12)  The  exchange  at  Paris  upon  London  is  at  the  rate  of 
25  francs  70  centimes  for  ^61  sterling,  and  the  exchange  at 
Vienna  upon  Paris  is  at  the  rate  of  40|^  Austrian  florins  for 

20  francs  :  find  how  many  Austrian  florins  should  be  paid  at 
Vienna  for  a  ^650  note. 

(13)  What  is  the  arbitrated  rate  of  exchange  between 
London  and  Lisbon,  when  bills  on  Paris,  bought  in  London 
at  25.65  irancs  per  £.,  are  sold  in  Lisbon  at  526  rees  per  3 
francs? 

(14)  Given  that  1  ounce  Troy  equals  31.1  grammes;  that 
10  grammes  of  French  standard  gold  are  worth  31  francs ; 
and  that  the  worth  of  a  given  weight  of  English  standard 
gold  is  to  that  ©f  the  s?ime  weight  of  French  standard  gold 
as  3151  to  3100,  find  what  number  of  Troy  ounces  of  Enghsh 
standard  gold  the  franc  is  equal  to,  and  what  is  the  fixed 
number  of  francs  equivalent  to  ^1  ? — the  English  mint  price 
of  standard  gold  being  77s.  lO^d.  per  ounce. 

Examination  Papers, 
I. 

(1)  If  three  fluids,  whose  volumes  are  as  3,  1,  and  12,  and 
their  specific  gravities  .95,  1.15,  and  1.36,  be  mixed  together ; 
what  will  be  the  specific  gravity  of  the  compound  ? 

(2)  Iff  of  A's  money  equals  f  of  B's,  and  §  of  B's  equals 
f  of  C's,  and  the  interest  of  all  their  money  at  8  per  cent, 
for  4  years  6  months  is  $6291,  how  much  money  has  each? 

(3)  A  Toronto  merchant  wishes  to  pay  a  debt  of  ^1200  in 
London.  How  many  dollars  must  he  pay  to  procure 
remittances  through  France  and  Hamburg  if  we  allow  that 

21  francs  =  $4,  19  marcs  banco  at  Hamburg  =  35  francs  at 
Paris,  and  £7  at  London  =  96  marcs  banco  at  Hamburg. 

(4)  A  merchant  in  Cincinnati  wishes  to  remit  $14331.60 
to  New  York.  Exchange  on  New  York  is  f  per  cent, 
premium,  but  in  St.  Louis  ^  per  cent,  premium,  from  St. 
Louis  to  New  Orleans  |-  per  cent,  discount,  and  from  New 
Orleans  to  New  York  1  per  cent,  discount.  What  will  be 
value  in  New  York  by  each  method,  and  how  mu^-h  better  is 
the  circular? 

(5)  A  merchant  in  Toronto  purchased  a  draft  on  New 
York  for  $2660,  drawn  at  60  days,  paying  $2570.89.  Whav 
was  the  course  to  exchange  ? 

IL 

(1)  A  merchant  mixes  11  lbs.  of  tea  with  6  lbs.  of  an  in- 
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ferior  quality,  and  ^ains  16  %  by  selling  the  mixture  at  87 
cents  per  pound.  Allowing  that  a  pound  of  the  one  cost  12 
cents  more  than  a  pound  of  the  other,  what  was  the  cost  ot 
each  kind  per  pound  ? 

(2)  A  and  B  are  in  partnership  in  a  concern  in  which  A 
has  $20000  engaged,  and  B  $30000.  The  gross  receipts  for 
a  year  are  $12800  ;  of  this  one-eighth  part  is  expended  in 
salaries  of  clerks,  and  |120  in  insurance.  By  an  arrange- 
ment between  the  partners,  A  is  to  receive  8  %  upon  his 
capital,  and  B  4  %  upon  his,  and  then  the  remainder  of  the 
:)rofits  is  to  be  divided  in  proportion  to  the  capital  employed. 
Find  the  net  receipts  of  A  and  B. 

(3)  Bills  on  Amsterdam,  bought  in  London  at  12  florins 
15  cents  per  ^1  sterling,  are  sold  in  Paris  at  57^  florins  for 
120  francs  ;  what  is  the  course  of  exchange  between  London 
-.nd  Paris  ? 

(4)  On  the  1st  Jan.,  A  brought  into  a  business  $1400,  and 
on  1st  April  $2000  more ;  on  the  1st  June  he  took  out 
$1600,  and  3  months  after  this  he  brought  in  $2400.  B 
brought  into  the  business  $2000  ;  4  months  after  this  he 
took  out  $600,  and  on  the  1st  Nov.  brought  in  $2600.  Their 
clear  profit  for  the  year  is  $4032.  How  much  ought  each  to 
receive  ? 

(5)  A  cask  contains  12  gals,  of  wine  and  18  gals,  of  water  ; 
another  cask  contains  9  gals,  of  wine  and  3  gals,  of  water ; 
how  many  gallons  must  be  drawn  from  each  cask  so  as  to 
produce  by  their  mixture  7  gals,  of  wine  and  7  gals,  of 
water  ?  ^ 

III. 

(1)  A  merchant  has  sugar  at  8,  10,  12,  and  20  cents  a 
pound ;  with  these  he  wishes  to  fill  a  cask  that  holds  200 
lbs. ;  how  much  of  each  kind  must  he  take,  so  that  th.3 
mixture  may  be  worth  15  cents  a  pound  ? 

(2)  A  15  days'  draft  on  Montreal  yielded  $1190.184  when 
sold  at  1^  %  discount,  and  interest  ofi"  at  6  per  cent.  What 
was  the  face  of  the  draft  ? 

(3)  If  A  gain  $120  in  6  months,  B  $150  in  5  months,  and 
C  $210  in  9  months  ;  what  was  the  whole  stock,  C's  part  of 
it  being  $400. 

(4)  From  a  cask  of  wine  one-fourth  is  drawn  off,  and  the 
cask  is  filled  up  with  water,  one-fourth  of  the  mixture  is  then 
drawn  off,  and  the  cask  again  filled  up  with  water,  after  this 
has  been  done  four  times  altogether,  what  fraction  of  the 
original  quantity  of  wine  will  be  left  in  the  cask  ? 
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(6)  A  person  in  London  owes  another  in  St.  Petersburg 
920  roubles,  which  must  be  remitted  through  Paris.  He 
pays  the  requisite  sum  to  his  broker,  at  a  time  when  the 
exchange  between  London  and  Paris  is  25.15  francs  for  ^1, 
and  between  Paris  and  St.  Petersburg  1.2  francs  for  1  rouble. 
The  remittance  is  delayed  until  the  rates  are  25.35  francs  for 
^1  and  1.15  francs  for  1  rouble.  What  does  the  broker  gain 
or  lose  by  the  delay  ? 

IV. 

(1)  If,  when  the  course  of  Exchange  between  England 
and  Spain  is  38|c?.  per  dollar  of  20  reals,  a  merchant  in 
Liverpool  draws  a  bill  of  £354.  16s.  dd.  on  Madrid,  how 
many  dollars  and  reals  will  pay  the  draft  ? 

(2)  I  wish  to  pay  a  bill  in  Naples  of  7500  lire  ;  the  direct 
exchange  is  $0.22  =  1  lira;  the  exchange  on  London  is 
$4.95;  of  London  on  Paris  is  ^61  =  26  francs;  of  Paris  on 
Naples  is  1^  francs=l  lira.  What  is  the  difference  between 
the  direct  and  circuitous  exchange  ? 

(3)  A  merchant  in  New  York  gave  $1000  for  a  bill  on 
London  of  £200.     What  was  the  rate  of  exchange  ? 

(4)  A  merchant  in  New  York  wishes  to  pay  £3000  in 
'London.     Exchange    on    London   is   at   par ;   on   Paris,   5 

francs  25  centimes  per  $1;  and  on  Amsterdam,  40  cents  to 
a  guilder.  The  exchange  between  France  and  England  at 
the  same  time  is  25  francs  to  £1,  and  that  of  Amsterdam  on 
England  12i  guilders  to  £1.  Which  is  the  most  advantage- 
ous, the  direct  exchange,  or  through  Paris,  or  through  Ams- 
terdam ? 

(5)  How  many  pounds  of  sugar  at  8,  13,  and  14  cents  per 
pound,  maybe  mixed  with  3  pounds  at  9^  cents,  2  pounds 
at  8|  cents,  and  4  pounds  at  14  cents  a  pound,  so  as  to  gain 
16  per  cent,  by  selhng  the  mixture  at  14^  cents  per  pound  ? 

V. 

(1)  Three  districts  are  to  provide  according  to  their  popu- 
lation a  contingent  of  182  men.  The  population  of  the  dis- 
tricts is  2456,  735,  and  4361  respectively ;  find  as  exactly  as 
possible  the  number  of  men  to  be  provided  by  each  district. 

(2)  A  person  mixes  4  gallons  of  gin  at  15s.  per  gallon, 
with  4  gallons  of  water  and  a  gallon  of  base  spirit  worth  10.".; 
what  is  his  gain  per  cent,  on  his  outlay  by  selling  the  mix- 
ture at  2fs.  per  bottle  of  6  to  the  gallon  ? 

(3)  The  stocks  of  3  partners,  A,  B,  and  C,  are  $3500, 
$2200,  and  $2500,  respectively  ;  their  gains  are  $1120,  $880, 
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and  #1200  respectively.     If  B's  stock  is  in  trade  2  months 
longer  than  A's,  what  time  was  each  stock  in  trade  ? 

(4)  A  merchant  every  year  gains  50  °/o  on  his  capital,  of 
which  he  spends  ^1200  per  annum  in  house  and  other  ex- 
penses. At  the  end  of  4  years  he  finds  himself  in  possession 
4  times  as  large  as  what  he  had  at  commencing  business  ; 
what  was  his  original  capital  ? 

(5)  There  are  two  mixtures  of  wine  and  water,  the  quan- 
tities of  wine  in  which  are  respectively  '84  and  "46  of  the 
whole.  If  a  gallon  of  the  first  is  mixed  with  two  gallons  of 
the  second,  what  decimal  part  will  the  wine  be  in  the  com- 
pound, and  how  much  per  cent,  will  the  first  mixture  be 

frenG;thened  ? 

XXXI.    Ratio  and  Proportion. 

211.  If  A  and  B  be  quantities  of  the  same  kind,  the 
relative  greatness  of  A  with  respect  to  B  is  called  the 
Ratio  of  A  to  B. 

212-  The  ratio  of  one  quantity  to  another  quantity  is 
represented  in  Arithmetic  by  the  fraction,  which  ex- 
presses the  measm'es  of  the  first  when  the  second  is 
taken  as  the  unit  of  measurement. 

Thus  if  5  shillings  be  the  unit,  the  measure  of  3  shillings 
is  |,  and  the  ratio  of  3  shillings  to  5  shillings  is  represented 
by  the  fraction  f . 

The  words  "  the  ratio  of  3  shiQings  to  5  shillings  " 
are  abbreviated  thus : 

3  shillings  :  5  shillings. 

213.  Ratios  may  be  compared  with  each  other  by 
comparing  the  fractions  by  which  they  are  represented. 
Thus  2  pence  :  5  pence  is  represented  by  | 
and    3  pence  :  7  pence  is  represented  by  ? 
Now  !  =  n,  and  ?  -=  i*, 

.'.  ?  is  greater  than  | 
and  .'.  3  pence  :  7  pence  is  greater  than  2  pence  :  5  pence. 
When  we  thus  compare  the  ratios  existing  between 
two  pairs  of  quantities,  it  is  not  necessary  that  all  four 
quantities  should  be  of  the  same  kind  ;  it  is  only  neces- 
sary that  each  pair  should  be  of  the  same  kind. 
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For  example,  we  can  compare  the  ratio  of  4  shillings 
to  7  shillings  with  the  ratio  of  7  days  to  12  days,  and 
finding  that  f  is  less  than  -^^,  we  may  say  that  the  ratio 
of  4  shillings  to  7  shillings  is  less  than  the  ratio  of  7 
days  to  12  days. 

214.  When  the.  ratio  symbol  (  :  )  is  placed  between 
two  numbers  we  may  substitute  for  it  the  fraction 
symbol. 

Thus  if  we  have  to  compare  the  ratios  2  :  3  and 
5  :  7,  we  effect  it  by  comparing  the  fractions  |-  and  -f-* 

215.  Katios  are  compounded  by  multiplying  together 
the  fractions  by  which  they  are  represented,  and  ex- 
pressing the  resulting  fraction  as  a  ratio. 

Thus  the  ratio  compounded  of  2  :  3  and  5  :  7  is 
10  :  21. 

2  and  3  are  called  the  Terms  of  the  ratio  2:3. 

2  is  called  the  Antecedent  and  3  the  Consequent  of 
the  ratio. 

216.  Ratios  are  either  direct  or  inverse, 

A  direct  ratio  is  the  quotient  of  the  antecedent  divi- 
dtd  t>y  ^^  consequent. 

I^y\  inverse  ratio,  or  reciprocal  ratio,  is  the  quotient  of 
\k&  conflfiquent  divided  by  the  antecedent. 

Examples-    (cxvi) 

(1)  Compare  the  ratios  2  : 5  and  4 :  9. 

(2)  Compare  the  ratios  17  :  39  and  19  :  41. 

(3)  Compare  the  ratios  4  :  7,  8  :  15  aud  13  :  24. 

(4)  Compound  the  ratios  6  :  7,  13  :  16,  21 :  91,  and  45  :  5i4. 

(5)  Compound  the  ratios  3^  :  4,  3^  :  7,  1^  :  3^,  2^  :  If. 

(6)  If  the  ratio  be  25  and  the  consequent  $1.25,  what  is 
the  antecedent  ? 

(7)  How  much  does  the  ratio  36x4x3:12x16x2  exceed 
that  of  60^  (3x5)  :  20x2  -4-  8  ? 

(8)  What  is  the  ricprocal  ratio  of  ^  :  ^  ;  of  2^- :  7*9  ? 

(9)  A  owns  a  farm  of  180  acres.  There  are  36  sq.  miles 
in  the  township  in  which  it  is  situated.  What  is  the  rela- 
tion of  the  latter  to  the  former  ? 
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(10)  The  ratio  63 :  52  results  from  compounding  four 
ratios  together  ;  three  of  these  are  7  :  8,  12  :  15,  and  ^  :  ^ ; 
express  the  fourth  ratio  in  its  simplest  form. 

(11)  What  effect  has  adding  the  same  quantity  to  both 
terms  of  a  ratio. 

PROPORTION. 

217.  Proportion  consists  in  the  equality  of  two  ratios. 

The  Arithmetical  test  of  Proportion  is  therefore  that 
the  two  fractions  representing  the  ratios  must  be  equal. 

Thus  the  ratio  6  :  12  is  equal  to  the  ratio  4 :  8,  be- 
cause the  fraction  ^\  =  the  fraction  |. 

The  four  numbers  6,  12,  4,  8,  written  in  the  order  in 
which  they  stand  in  the  ratios,  are  said  to  be  m  proper- 
tion,  or  proportionals,  and  this  relation  is  thus  ex- 
pressed— 

6:12=4:8. 
The  two  terms  6  and  8  are  called  the  Extremes* 

12  and  4  the  Means. 

The-sign  of  equality  is  usually  exx^ressed  thus,  ::  audi 
then  the  ratios  read  6  is  to  12  as  4  is  to  8. 

218.  When  four  numbers  are  in  proportion, 

the  product  of  the  extremes  =  the  product  of  the  meacaa, 
For  example,  if  6  :  12  =    4:8 
6X  8  =  12x4 
For,  since      ^^  =  |,  by  hypothesis, 
and  AJ^  =  xl 

iJJx  8 

and  *^^1^  =  4 

8  X  1  2  7 

.       6X8    4><  IS 

*  •   12X8  8X  i;i 

Now  the  denominators  of  these  fractions  are  equal, 
and  therefore  the  numerators  must  also  be  equal,  that 
is 

6  X  8  =  4  X  -12. 

From  this  it  is  evidcLt  that  if  three  out  of  the  four 
numbers  that  form  a  proportion  are  given,  we  can  find 
the  fourth. 
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£x.  (Ij.  Find  a  fourth  proportional  to  8,  15,  7. 
8  :  15  =  7  :  number  required, 
.'.  3  X  number  required  =  15  X  7, 
.*.  number  required  =  iAiU   ^  og. 

Ex,  (2).  What  number  lias  the  same  ratio  to  9  thafc 
3  has  to  5  ? 

3:5  =  number  required  :  9, 

; '.  5  X  number  required  =  3x9, 

.*.  number  required  =  y  __  52^ 

219.  Three  numbers  are  said  to  be  in  Continued 
Proportion  when  the  ratio  of  the  first  to  the  second  is 
equal  to  the  ratio  of  the  second  to  the  third. 

Thus  3,  6,  12  are  continued  proportion, 

101      ^    y^. 

The  second  number  is  called  a  Mean  Proportionai, 
between  the  first  and  the  third. 

Ex.  Find  a  mean  proportional  between  6  and  24. 
6  :  required  number  =  required  number  :  24  ; 
•*.  required  number  X  required  number  =  6  X  24  ; 
.  *.  square  of  required  number  =  144, 
.'.  required  number  is  12. 

220.  When  two  quantities  are  connected  in  such  a 
way,  that  when  one  is  increased  2,  8,    ....  times,  the 

other  is  also  increased  2,  8,  times,  they  are  in 

direct  proportion. 

For  example,  if  1  lb.  of  sugar  cost  9  cents, 
2  lbs.  will  cost  2x9  cents, 
8  lbs.        "        8  X  9  cents; 
hence  7  lbs.        "        7x9  cents, 
And  25  lbs.        "      26  x  9  cents, 
.-.  7  lbs.  :  25  lbs.  : :  7  x  9  cents  :  25  x  9  cents. 
That  is,  the  cost  of  sugar  is  directly  proportional  to  its 
weiijht. 

221.  When  two  quantities  are  connected  in  such  a 

way,  t'lat  when  one  is  increased  2,  8,  times,  the 

otbmr  is  diminished  2,  3 times,  they  me  inversely 
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proportional ;  thus,  if  one  man  can  mow  a  field  in  12 
days,  2  men  can  mow  it  in  half  the  time,  or  in  ^^^  ^ayg  j 
3  men  in  a  third  of  the  time,  or  in  ^^  daj^s,  &c. 

hence  four  men  can  niow  it  in  -^  days  ; 

and  12  "  "  }|    clays  ; 

4  men  :  12  men  :  :  -^|  days  :  ~^  days  ; 

that  is,  the  number  of  men,  required  to  do  a  certain  work  is 
inversely  proportional  to  the  number  of  days,  or  vice  versa. 

Examples-    (cxvii) 

(1)  Arrange  4,  3,  9  and  12  so  that  they  may  be  in  propor- 
tion. 

(2)  Find  tlie  secoud  term  when  18,  2-6  and  1'8  are  the 
other  3  terms  of  a  proportion. 

(3)  Find  a  mean  proportional  to  *038  and  "00152. 

(4)  If  .4=31  of  B,  and  0=5^  of  J5,  find  the  ratio  of  A 
to  C. 

(5)  Find  a  fourth  proportional  to  5,  7,  and  15. 

(6)  Find  a  fourth  proportional  to  |,  ^,  and  f . 

(7)  Find  a  fourth  proportional  to  '3,  '16,  and  -09. 

(8)  Find  a  mean  proportional  to  14  and  56. 

(9)  Find  a  mean  proportional  to  ^\  -end  f  f . 

(10)  Divide  $1587  among  A,  B,  0,  D,  so  that  A's  share 
:  to  B's  share  =6:5,  B's  share  :  Cs  share  =  4  :  3,  and  Cs 
sliare  :  D's  share  =  3:2. 

SIMPLE    PROPORTION  OR   RULE  OF  THREE. 

222.  When  Three  terms  of  a  proportion  are  given  to 
find  the  fourth  it  is  a  Simple  Proportion.  In  a  simple 
proportion  we  have  two  ratios  given ;  one  of  these  has 
both  terms,  the  other  is  incomplete,  having  only  one 
term.  Two  of  the  given  terms  must  he  of  one  kind  and 
the  third  and  the  answer  of  another  kind. 

Ex.  (1).  If  5  horses  eat  20  bushels  of  oats  in  a  given 
time,  how  many  bushels  will  8  horses  eat  in  the  same 
time  ? 

Here  the  number  of  bushels  consumed  is  directly 
proportional  to  the  number  of  iiorses, 

hence  5   :  8   ::   20  bu.   :   bu.  required; 

.-.  bu.  required  =  ^4^  =32. 
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Ex  (2).  If  6  men  can  do  a  piece  of  work  in  5  days, 
in  what  time  can  9  men  do  tlie  same  work  ? 

Here  the  time  is  inversely  proportioned  to  the  number 
of  men, 

hence  9   :   6    : :    5  days   :   days  required ; 

.*.  days  required  =  --^  =  3^. 

Ex.  (3).  If  3  cwt.  1  qr.  of  hay  cost  $2.21,  what 
should  3  t.  5  cwt.  cost  ? 

Here  the  cost  is  directly  proportional  to  the  quantity. 

Hence  3  cwt.  1  qr.   :   3t.   5  cwt.    ::    $2.21   :   dollars 
required ; 

Here  we  reduce  the  1st  and  2nd  terms  to  the 
common  denomination,  quarters,  and  the  proportion  be- 
comes 

13   :   2G0    ::   $2.21    :   dollars  required; 
'      .-.  Dollars  requii-ed=  2_6_o^2^2j^  =$44.20. 
From  these  examples  we  deduce  the  following  rule  : 

Write  the  given  niimher  that  is  of  the  same  kind  as  the 
required  fourth  term, ^  for  the  third  term  of  the  proportion. 
Then  consider  from  the  nature  of  the  question  lohether  the 
answer  is  to  he  greater  or  less  than  the  third  term.  IJ 
greater,  place  the  larger  of  the  two  remaining  numbers  in 
the,  second  place;  if  less,  in  the  first.  Then  havinfj  re- 
duced the  first  and  second  terms  to  thesa.me  denomination, 
multiply  the  second  and  third  terms  together,  and  divide 
th£  product  by  the  first  term.  The  quotient  will  be  the 
answer  required. 

Note. — After  the  third  term  has  been  written  down 
the  order  of  the  other  two  may  be  ascertained  by  a 
question.  Thus,  in  Ex.  (1)  :  *'  If  5  horses  eat  20  bu., 
will  8  horses  eat  more  or  less  than  20  bu.  ?"  More  ; 
hence  5  :  8.  In  Ex.  (2)  :  "  If  G  men  do  a  piece  of  work 
in  5  days,  will  it  take  9  men  a  longer  or  shorter  period 
than  5  days  ?"     Shorter  ;  hence  9  :  6. 
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Examples,    (cxviii) 

(1)  A  person  after  paying  an  income  tax  of  7c?.  in  the  £1 
has  a  net  income  of  £1247.  10s.  5d.  ;  what  was  his  gross 
income  ? 

(2)  A  watch  which  is  10  minutes  too  fast  at  12  o'clock 
noon  on  Monday,  gains  3m.  10s.  a  day  ;  what  will  be  the 
time  by  the  watch  at  a  quarter  past  10  a.m.  on  the  following 
Saturday  ? 

(3)  In  running  a  3  mile  race  on  a  course  ^  of  a  mile  round, 
A  overlaps  B  at  the  middle  of  the  7th  round.  By  what 
distance  will  A  win  at  the  same  rate  of  running  ? 

(4)  A  watch  was  6/^  nain.  slow  at  noon  ;  it  loses  12  min. 
in  20^  hours  ;  find  the  true  time  when  its  hands  are  together 
for  the  fourth  time  after  noon. 

(5)  If  4  men  or  6  women  or  9  boys  can  perform  a  piece  of 
work  in  '2H  days,  in  what  time  can  (1)  5  men  and  9  women 
perform  it  2  and  (2)  5  men  and  8  boys  perform  it  ? 

(6)  If  14f  shares  of  a  property  are  worth  ^116.15,  what  are 
5f  shares  worth  ? 

(7)  A  floor  can  be  covered  by  32^  yards  of  carpet  7  quar- 
ters wide  ;  how  many  yards  of  Brussels  carpet  26  in  width 
will  cover  the  same  room  ? 

(8)  Two  clocks,  of  which  one  gains  4m.  15s.  and  the  other 
loses  3m.  13s.  in  24  hours,  were  both  within  2^  min  of  the 
true  time,  the  former  fast  and  the  latter  slow,  at  noon  on 
Monday  ;  they  now  differ  from  one  another  by  half  an  hour  ; 
find  the  day  of  the  week  and  the  hour  of  the  day. 

(9)  If  6336  stones  3^  ft.  long  complete  a  certain  quantity 
of  wall,  how  many  similar  stones  of  2f  ft.  long  will  raise  a 
like  quantity  ? 

(10)  A  besieged  town,  containing  22400  inhabitants,  has 
provisions  to  last  3  weeks  ;  how  many  must  be  sent  away 
that  they  may  be  able  to  hold  out  7  weeks  ? 

COMPOUND  PROPORTION. 

223.  Where /v.',  seven,  nine,  &c.,  terms  of  a  propor- 
tion are  given  to  find  a  sixth,  eighth,  tenth,  &c.,  term  it 
is  called  Compound  Proportion  or  the  Double  Eule  of 
Three. 

In  Compound  Proportion  there  are  three  or  more 
ratios  given,  all  being  complete  but  one. 
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A  Compound  Proportion  is  produced  by  multiplying 
togetlier  the  corresponding  terms  of  two  or  more  simple 
proportions. 

Thus,  12  :     6  :  :      4:2 
9:3::       6:2 

6  :     4  : :  If)- :     8   multiplied   together  produce 

the  proportion  540  :  72  :  :  240  :  32. 

Ex.  If  6  men  in  8  days,  working  10  hours  a  day, 
can  reap  24  acres  of  wheat,  how  many  acres  could  10 
men  reap  in  15  days  of  12  hours  each  ? 

6     :  10       :  :  24  :  acres  required 
8     :  15 
10     :  12 


480     :  1800  :  :  24  :  arces  required. 
.-.  acres  required  =  V8oox_24^  ^  g^ 

^  48  0 

24  the  term  of  the  imperfect  raito  is  put  in  the  3rd 
place ;  tlie  other  ratios  are  then  considered  separately 
and  treated  as  in  Simple  Proportion.  After  all  the 
ratios  have  been  stated,  all  the  first  terms  are  multi- 
plied togetlier  for  a  now  first  term  and  similarly  with 
the  second  terms.  The  answer  is  then  got  as  in  Simple 
Proportion. 

Note.  I. — Before  compounding  the  complete  ratios  it 
is  convenient  to  cancel  all  the  factors  common  to  the 
first  terms,  and  to  the  2nd  or  3rd  terms.  W]ien  any  of 
the  1st  and  2nd  terms  are  not  of  the  same  denomina- 
tion they  must  be  reduced  to  a  common  denomination 
before  proceeding  witli  the  solution. 

Note  II. — Before  stating  the  question  it  is  conveni- 
ent to  write  down  the  terms  of  the  sui:)i)osition  under 
one  another  and  opposite  these  to  place  the  correspond- 
ing terms  of  the  demand  with  an  x  opposite  the  term 
of  tlie  same  name  as  the  answer  required. 

Thus,  in  tlie  above  example  6   men    10, 

8  days  15, 
10  hours  12, 
24  acres    x. 
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Examples    (cxix) 

(1)  If  18  men  in  12  clays  build  a  wall  40  feet  long,  3  feet 
thick,  and  16  feet  high,  how  many  men  must  be  employed 
to  build  a  wall  120  yrvds  long,  8  feet  thick,  and  10  feet  high, 
in  60  days  ? 

(2)  An  engineer  engages  to  complete  a  tunnel  3|  miles 
long  in  2  years  10  months  ;  for  a  year  and  a  half  he  em- 
ploys 1200  men,  and  then  finds  he  has  completed  only  three- 
eighths  of  his  work ;  how  many  additional  men  must  he 
employ  to  complete  it  in  the  required  time  ? 

(3)  Two  sets  of  men  perform  the  same  amount  of  work. 
Each  man  in  the  first  set  is  stronger  than  each  one  in  the 
second  in  the  ratio  of  7  to  6;  the  first  set  works  6  days  a 
week  for  10  weeks,  and  the  second  set  5  days  a  week  for  7 
weeks.  If  there  are  9  men  in  the  first  set,  how  many  are 
there  in  the  second  ? 

(4)  If  20  men  can  excavate  185  cubic  yards  of  earth  in  9 
hours,  how  many  men  could  do  half  the  work  in  a  fiftli  of 
the  time  ? 

(5)  At  the  siege  of  Sebastopol  it  was  found  that  a  certain 
length  of  trench  could  be  dug  by  the  soldiers  and  navvies  in 
4  days,  but  that  when  only  half  the  navvies  were  present  it 
required  7  days  to  dig  the  same  length  of  trench.  Compare 
the  amount  of  work  done  by  the  navvies  with  that  done  by 
the  soldiers. 

(6)  Two  elephants  which  are  ten  in  length,  9  in  breadth, 
36  in  girt,  and  7  in  height,  consume  one  drona  of  grain  ; 
how  mucli  will  be  the  rations  of  10  other  elephants,  which 
are  a  quarter  more  in  length  and  other  dimensions  ? 

(7)  How  many  revolutions  will  bo  made  by  a  wheel  which 
revolves  at  the  rate  of  360  revolutions  in  7  minutes,  while 
another  wheel,  which  revolves  at  the  rate  of  470  in  8  min., 
makes  658  revolutions  ? 

(8)  A  piece  of  work  is  to  be  done  in  36  days ;  15  men 
work  at  it  15  hours  a  day,  but  after  24  days  only  |  of  it  is 
done  ;  if  three  more  men  are  put  on,  how  many  hours  a  daj- 
must  all  work  to  finish  it  in  the  given  time  ? 

(9)  If  248  mon,  in  5^  days  of  12  hours  each,  dig  a  ditch  of 
7  degrees  of  hardness,  232^  yds.  long,  3f  yds.  wide,  and  2^ 
yds.  deep  ;  in  how  many  days  of  9  hours  each,  will  24  men 
dig  a  ditch  of  4  degrees  of  hardness,  387^  yds.  long,  5  J  yds. 
wide,  and  3^  yds.  deep? 

(10)  If  5  compositors  in  16  days  of  11  hours  each,  can 
compose  25  sheets  of  24  pages  in  a  sheet,  44  lines  in  a  page. 
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and  40  letters  in  a  line,  in  how  many  days  of  10  hours  each, 
can  9  compositors  compose  a  volume  (to  be  printed  in  the 
same  kind  of  type),  consisting  of  36  sheets,  16  pages  to  a 
sheet,  50  lines  to  a  page,  and  45  letters  to  a  line  ? 

XXXII.    The  Metric  System. 

224-  The  Metric  System  of  Weights  and  Measures  is 
now  in  use  in  many  countries  of  Europe.  The  follow- 
ing is  an  account  of  the  system  as  it  is  established  in 
France,  where  it  originated  at  the  end  of  the  last 
century. 

The  basis  of  all  measurement  is  the  Metre,  a  measure 
of  length  equal  to  the  ten-millionth  part  of  the  distance 
from  the  North  Pole  to  the  Equator. 

The  length  of  the  Metre  in  English  Measure  is  39.37 
inches,  nearly. 

Units  of  Metric  Measures. 

1.  Length.— The  Metre. 

2.  Surface. — The  Are  =  100  square  metres. 

3.  Solidity. — The  Stere  =  1  cubic  metre. 

4.  Capacity. — The  Litre  =  the  cube  of  tlie  tenth 
part  of  a  metre. 

5.  Weight. — The  Gramme,  which  is  the  weight  of  a 
quantity  of  distilled  water  which  fills  the  cube  of  the 
hundredth  part  of  a  metre. 

The  Tables  of  Weights  and  Measures  under  the  Metric 
System  are  constructed  upon  one  uniform  princij)le. 
Prefixes  derived  from  Greek  and  Latin  are  attached  to 
each  of  the  units. 

Greek  Prefixes, 

Deca  stands  for  10  times) 

Hecto  stands  for  100  times  | 
Kilo  stands  for  1000  times  i 
Mvria  stands  for  10000  times 


'I the  unit. 


Latin  Prefixes. 
Dcci  stands  for  the         10th  part^ 
Centi  stands  for  the     100th  part  [of  the  unit. 
MilH  stands  for  the     1000th  part) 
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Thus, 

A  decanietre       =  10  metres. 
A  hectolitre         =  100  litres. 
A  kilogramme    =  1000  grammes. 
A  myriametre    =  10000  metres. 
Also, 

A  decilitre  =  *!  litre. 

A  centimetre      =  '01  metre. 
A  milligramme  =  '001  gramme. 
Note. — In  English  measures  the  following  are  rough    ap- 
proximations of  some  of  the  French  measures  : 
The  Kilogramme  is  about  2^  lb.  Avoird. 
The  LHre  is  about  If  pints. 

The  Kilometre      is  about  5    furlongs. 
The  Hectare  is  about  2f  acres. 

MEASURES  OF  LENGTH. 

10  decimetres  (dcm.) 1  metre  (m.). 

100  centimetres   (cm.) " 

1000  milhmetres  (mm.) *' 

1000  metres 1  kilometre. 

1  inch  t=:  2.539954  centimetres. 
1  foot    =  3-047945  decimetres. 
1  yard  =  0-914383  metres. 
1  mile  =  1-609315  kilometres. 
Note. — A  rough  rule   for  converting  French  metres  into 
Enghsh  yards  is  to  add  10  per  cent,  to   them.     Thus   40 
metres  are  nearly  equal  to  44  yards. 

MEASURES  OF  SURFACE, 
100  square  decimetres  (sq.  dcm.)  =  1  square   metre  or 

centiare  (sq.  m.) 
10000       "       centimetres  (sq.  cm.)  =  " 

1000000       "       milhmetres  (sq.mm.)  =  " 

100  square  metres 1    are. 

10000  "  1    hectare. 

1  square  inch   =^  6-4513669    sq.  cm. 
1       "       foot   =  9-2899083    sq.  dcm. 
1       *♦       yard  =  0-83609715  sq.  m. 
1       "       acre   =  0-40467101  hectare. 
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MEASURES  OF  CAPACITY. 

1000  cubic  decimetres  (cb.  dcm.)...!  cubic  metre  or  stere. 
1000000  cubic  centimetres  (cb.  cm.)  " 

1000000000  cubic  milltmetres  (cb.  mm.)        " 

1  cubic  decimetre 1  litre, 

.^     1     "      inch  =  16-386176  cb.  cm. 

1     "      foot  =  28-31o(J12  dcm. 

1  gallon         =  4-54345797  litres. 

MEASURES  OF  W ETC  ITT, 

1  cubic  centimetre  of  distilled  water  at  4°0.  at  the  sea's 
level  in  the  latitude  of  Paris  is  1  gram  (grm.) 

1000  cubic  centimetres  of  distilled  water  weighed  under 

the  same  conditions 1  kilogram  (kilo.) 

1000  grams  (grms.)  1  kilogram. 
10000  decigrams    ....  " 

100000  centigrams  ...  " 

1000000  milligrams  ....  *' 

1  grain     =     006479895  gram. 
ltroyoz.=  31-103496      grams. 
1  lb.  avd .  =     0-45359205  kilo. 
1  cwt.       =  50-80237689  kilos. 

Examples-    (cxx) 

(1)  What  is  the  fundamental  unit  in  this  system  ?    Whence 
and  why  was  it  chosen  ? 

(2)  Name  the  units  of  weight  and  capacity,  and  show  how 
larger  and  smaller  meai^ures  are  attained. 

(3)  Grive  the  English  equivalents  of  a  kilometre  and  kilo- 
gram. 

(4)  How  many  millimetres  are  contained  in  5  metres  ? 

(5)  How    many   decimetres    are    equivalent    to   106725 
millimetres  ? 

(6)  Eequired  the  number  of  milligrams  in  15  cb.  cm.  of 
water  measured  at  4*^0.  ? 

(7)  How  many  millimetres  and  centimetres  are  repective- 
ly  contained  in  0.437  of  a  decimetre. 

(8)  How   many  square    centimetres   are   there    in    15.5 
square  metres  ? 
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(9)  How  many  square  decimetres  are  contained  in 
108642  square  centimetres  ? 

(10)  Define  the  gram  and  litre.  How  many  grams  are 
contained  in  1.725  kilograms  ? 

(11)  How  many  milligrams  are  there  in  a  decigram?  How 
many  decigrams  in  a  kilogram  ? 

(12)  How  many  centigrams  are  contained  in  2.567  kilo- 
grams ? 

(13)  Kequired  the  number  of  milligrams  contained  in  5 
cubic  centimetres  of  water  measured  at  4*^0. 

(14)  In  an  English  inch  are  contained  25.3995  millimetres. 
How  many  kilometres  are  there  in  a  mile  ? 

(15)  A  gallon  is  equal  to  4.543  litres.  How  many  cubic 
centimetres  are  contained  in  one  pint  ? 

(16)  Three  pipes  furnish  respectively  30  litres,  45  litres, 
and  80  Utres  an  hour.  "What  quantity  of  water  do  they  sup- 
ply together  in  24  hours  ? 

XXXIII.    Measurement  of  Area. 

225.  The  Unit  of  Measui-ement,  by  which  we  measure 
Area  or  Surface,  is  derived  from  the  unit  of  Length. 
Thus,  if  we  take  an  inch  as  the  unit  of  length,  and  con- 
struct a  square  whose  side  is  an  inch,  this  Square  Inch 
may  be  taken  as  the  Unit  of  Area,  and  the  measure  of 
any  given  area  wiU  he  the  number  of  times  it  contains 
this  unit,  in  accordance  with  the  remarks  in  Art.  58. 

Let  ABDO  be  a  rectangle,  and  let  the  side  AB  be 
4  inches  in  length,  and  the  side  AC  3  inches  in  length, 

A  B 


0 


D 
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Then,  if  the  Unit  of  Length  be  an  inch,  the  measure  of 
AB  is  4,  and  the  measure  of  AC  is  3. 

Divide  AB,  AC  into  four  and  three  equal  parts  respec- 
tively, and  draw  lines  through  the  points  of  division 
parallel  to  AC,  AB  respectively.  Then  the  rectangle 
ABDC  is  divided  into  a  number  of  equal  squares,  each 
of  which  is  a  square  inch. 

If  one  of  these  squares  be  taken  as  the  Unit  of  Area, 
the  measure  of  the  area  of  ABDC  will  be  the  number  of 
these  squares. 

Now  this  number  is  the  same  as  that   obtained  by 
multiplying  the  measure  of  AB  by  the  measure  of  AC  : 
that  is,  measure  of  ABDC  =  3x4  =  12  ; 
.•.  area  of  ABDC  is  12  square  inches. 
Hence  to  find  the  area  of  a  rectangle  we  multiply  the 
measure  of  the  length  by  the  measure  of  the  breadth, 
and  the  product  will  be  the  measure  of  the  area. 

Ex.  (1).  A  rectangular  garden  is  48  feet  long  and  25 
feet  broad,  what  is  its  area  ? 

Taking  a  foot  as  the  unit  of  length,  and  therefore  a  square 
foot  as  the  unit  of  area, 

measure  of  the  area  =  48x25  =  1200  ; 
.*.  the  area  is  1200  square  feet. 

Ex.  (2).  A  rectangular  board  is  2  ft.  7  in.  long  and  1 
ft.  4  in.  broad,  what  is  the  area  ot  its  surface  ? 

Taking  1  inch  as  the  unit  of  length,  and  therefore  1  square 
inch  as  the  unit  of  area, 

measure  of  the  area  z=  31 X 16  =  496 ; 
.*.  the  area  is  496  square  inches. 
Or  we  might  take  1  foot  as  the  unit  of  length,  and  then 

measure  of  area  =  2T^  x  H=f  f;;-|  =  V  =  ^  ' 
. ',  the  area  is  8|  square  feet. 

Ex.  (3).  The  length  of  the  side  of  a  square  croquet- 
ground  is  49  yards,  what  is  its  area  ? 
Taking  1  yard  as  a  unit  of  length, 

area  =  (49  X.49)  sq.  yds.  =  2401  sq.  yds. 
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Note. — Observe  the  difference  between  the  expres- 
sions 49  yards  square  and  49  square  yards.  The  former 
refers  to  a  square  whose  side  is  49  yards,  and  whose 
area  is  2401  square  yards,  the  latter  to  a  surface  whose 
ai*ea  is  49  square  yards. 

Ex.  (4).  A  rectangular  bowling-green  is  56  yards  long 
and  42  yards  broad.  Find  the  distance  from  corner  to 
corner. 

By  Euclid  I.  47,  we  know  that  in  a  right-angled  tri- 
angle the  square  on  the  side  opposite  the  right  angle  is 
equal  to  the  sum  of  the  squares  on  the  sides  containing 
the  right  angle. 

Hence  the  square  of  the  measure  of  the  side  opposite 
the  right  angle  is  equal  to  the  sum  of  the  squares  of  the 
measures  of  the  sides  containing  the  right  angle. 
Thus  in  our  present  example, 
square  of  measure  of  distance  from  corner  to  cornar 
=  (56  X  56)  -f  (42  X  42)  -=  4900  ; 
.'.  distance  is  70  yards. 

Examples,     (cxxl) 

Find  the  area  of  the  rectangles  having  the  following 
dimensions  : 

(1)  7  ft.  by  5  ft.  (2)  13i  ft.  by  10  ft. 

(3)  22i  ft.  by  13^  ft.  (4)  5  ft.  4  iu.  by  2  ft.  3  in. 

(6)  17  ft.  5  in.  by  8  yd.  2  ft.     (6)  5  yd.  1  ft.  by  4  yd.  2  ft. 

(7)  12  yd.  2  ft.  by  5  yd.  1  ft. 

(8)  6  yd.  2  ft.  3  in.  by  2  yd.  1  ft.  5  in. 

(9)  7  yd.  2  ft.  by  6  yd.  2  ft.  6  in. 

Find  the  area  of  the  squares  whose  sides  have  the 
follo\\dng  lengths  : 

(10)  5Ayd.  (11)     37iyd.  (12)     17|  ft. 
(13)    29ift.            (14)    9  ft.  7  in.        (15)     3  ft.  4  in. 
(16)     7  yd.  1  ft.  5  in.                     (17)     15  yd.  2  ft.  3  in. 
Find  the  breadth  of  the  following  rectangles,  having 

given  the  area  and  length  : 

(18)  Area  176  sq.  ft.,  length  11  ft. 

(19)  Area  71  sq.  ft.  100  sq.  in.,  length  9  ft.  8  in. 
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(20)  Area  854  sq.  ft.  84  sq.  in.,  length  97  ft.  8  in. 

(21)  Area  1  acre,  length  440  yd. 

(22)  Area  5  acres,  length  275  yd. 

(23)  Area  5  ae.  1  ro.  36  po.,  length  267  yd.  2  ft. 
What  are  the  sides  of  the  squares  whose  areas  are 

(24)  81  sq.  ft.  (25)     256  sq.  ft. 

(26)     1178  sq.  yd.  7  sq.  ft.  (27)     33  ac.  4305  sq.  yd.  ? 

(28)  A  rectangular  field  is  225  yards  in  length  and  120 
yards  in  breadth  ;  what  will  be  the  length  of  a  straight  path 
from  corner  to  corner  ? 

(29)  A  rectangular  field  is  300  yards  long  and  200  yards 
broad ;  find  the  distance  from  corner  to  corner. 

(30)  A  rectangular  plantation,  whose  width  is  88  yards, 
contains  2|  acres  ;  find  the  distance  from  corner  to  corner. 

(31)  What  is  the  length  of  the  diagonal  of  a  square,  whose 
side  is  5  inches  ? 

(32)  The  area  of  a  square  is  390625  square  feet ;  what  is 
the  length  of  the  diagonal  ? 

CARPETING  ROOMS, 

226.  If  we  know  the  area  of  the  floor  of  a  room,  we 
know  how  many  square  inches  of  carpet  will  be  required 
to  cover  it.  Carpets  are  sold  in  strips,  and  when  the 
width  of  a  strip  is  known,  we  shall  know  how  much 
length  of  carpet  will  be  required  to  cover  a  given  sm*- 
face. 

For  instance,  if  the  surface  be  162  square  feet,  and  the 
carpet  selected  be  27  inches  wide,  we  reason  thus  : 
162  sq.  ft.  =  162  X  144  sq.  inches  ; 
,'.  length  of  carpet  required  =  l-^---Al±l  in.  ^=  864  in. 

=  24  yards. 
Then  we  find  the  cost  of  24  yards  at  $1.20  per  yard  to  be 
$28.80. 

Examples,  (cxxii) 
How  many  yards  of  carpet,    27   inches  wide,   will 
be  required  for  rooms  whose  dimensions  are ; 

(1)  15  ft.  by  13  ft.  (2)  25  ft.  by  12  ft.  6  in. 

(3)  22  ft.  4  in.  by  20  ft.  3  in.     (4)  27  ft.  by  14^  ft. 
(6)  35  ft.  4  in.  by  27  feet  3  in. 
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tmd  the  expense  of  carpeting  rooms  whose  dimen- 
Bions  are  : 

(6)  18  ft.  by  14  ft.,  with  carpet  30  inches  wide,  at  $1  a  yd. 

(7)  22  ft.  by  15i  ft.,  with  carpet  27  inches  wide,  at  $1.80 
a  yard. 

(8)  29  ft.  9  in.  by  23  ft.  6  in.,  with  carpet  a  yard  wide,  at 
$1.08  a  yard. 

(9)  34  ft.  8  in.  by  13  ft.  8  in.,  with  carpet  f  yard  wide,  at 
8s.  4^d.  a  yard. 

PAPERING  THE  WALLS  OF  A  ROOM. 

227.  To  find  the  quantity  of  paper  required  to  cover 
one  wall  of  a  room,  we  find  the  area  of  the  surface  of  the 
wall  by  taking  the  product  of  the  measures  of  the  length 
and  breadth  of  that  wall,  the  latter  being  the  same  as 
the  height  of  the  room.  Hence  we  shall  find  the  area 
of  the  four  walls  of  the  room  if  we  take  the  measure  of 
the  compass  of  the  room  and  muUipli/  it  by  the  measure  of 
the  height. 

By  the  compass  of  a  room  we  mean  the  length  of  a 
string  stretched  tight  on  the  floor,  going  all  round  the 
room. 

Deductions  for  doors  and  windows  and  fireplace  must 
be  made  in  practice. 

Suppose  then  we  have  to  find  how  much  paper  is  re- 
quired for  the  walls  of  a  room,  whose  length  is  22  ft.  8 
in.,  breadth  17  ft.  4  in.  and  height  9  ft.  6  in. 
We  first  find  the  compass  of  the  room,  thus : 
ft.     in. 
22  .  3\ 
17      4 
22  *  31    dimensions  of  the  four  sides. 

17  *.  4 


79  .  2    compass  of  the  room. 
To  get  the  area  of  paper  requiied,  we  multiply  tlie 
measure  of  the  compass  of  the  room  by  the  measure  of 
the  heigth,  thus-: 

area  =(9i  X  79^)  sq.ft.  ^^^^^^-^sq.  ft.  =  752, l^  sq.  ft. 
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Note. — Papers,  like  carpets,  are  sold  in  strips,  and  if 
we  know  the  width  of  a  strip  we  shall  know  how  many 
feet  in  length  will  be  required  to  cover  a  given  surface. 

Thus,  in  the  room  under  consideration,  if  the  paper  be  20 
inches  wide, 
length  of  paper  required  =(762TV-Hff)  ft.=  ^^  ft.  =451ift. 

Examples,    (cxxiii) 
How  many  square  feet  of  paper  will  be  required  for 
rooms  whose  dimensions  are  : 

(1)  Length,  19  ft.  ;  breadth,  16  ft. ;  height,  9  ft.? 

(2)  Length,  24^  ft. ;  breadth,  18^  ft. ;  height,  10  ft.  ? 

(3)  Length,  25  ft.  7  in. ;  breadth,  19  ft.  4  in. ;  height, 
9  ft.  9  in.  ? 

(4)  Length,  23  ft.  5  in. ;  breadth,  18  ft.  7  in. ;  height, 
9  ft.  6  in.  ? 

Find  the  expense  of  papering  rooms  whose  dimen- 
sions are  : 

(5)  Length,  18  ft. ;  breadth,  14  ft.  ;  height,  8  ft. ;  with 
paper  16  inches  wide,  at  20  cents  a  yard. 

(6)  Length,  20  ft.  6  in.  ;  breadth,  17  ft.  4  in.;  height,  9ft.; 
with  paper  20  inches  wide,  at  10  cents  a  yard. 

(7)  Length,  30  ft.  8 in.;  breadth,  26  ffc.  5  in.;  height,  10ft. 
6  in.;  with  paper  2  ft.  wide,  at  8d.  a  yard. 

(8)  Length,  26  ft. ;  breadth,  21  ft. ;  height,  10  ft. ;  with 
paper  20  inches  wide  at  9d  a  yard,  allowing  for  a  fireplace 
which  is  5  ft.  3  in.  by  4  ft.,  a  door  which  is  7  ft.  by  4^  ft., 
and  two  windows  each  6  ft.  by  3^  ft. 

Miscellaneous  Examples-    (cxxiv) 

(1)  Find  the  cost  of  varnishing  the  floor  of  a  room  14  ft. 
4  in.  broad,  and  15  ft.  6  in.  long,  at  20  cents  per  square  yard. 

(2)  What  will  it  cost  to  pave  an  area  146  ft.  9  in.  long  and 
88  ft.  9  in.  broad,  at  36  cents  per  square  yard  ? 

(3)  The  area  of  a  square  garden  is  4  roods  1  pole  29  sq. 
yd.  6f  sq.  ft.;  find  the  length  of  its  side. 

(4)  Find  the  length  of  the  side  of  a  square  whose  area  is 
1  ro.  26  po.  28  sq.  yd.  4^  sq.  ft. 

(5)  Find  the  expense  of  turfing  a  plot  of  ground,  which  is 
40  yd.  long  and  100  ft.  wide,  with  turfs  each  a  yard  in 
length  and  1  ft.  in  breadth  ;  the  turfs,  when  laid,  costing 
6s.  9d.  per  hundred. 
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(6)  A  square  room,  whose  floor  measures  32  ?q.yci.  Isq.ft., 
IS  11  ft.  6  in.  in  heiijbt :  find  the  expense  of  whitewashing 
its  ceiHng  and  walls  at  5  cents  per  square  yard. 

(7)  It  costs  899  to  cover  the  floor  of  a  room  8^  yd.  long 
fcy  6f  yd.  wide,  with  carpet  2  ft.  wide.  Find  the  price  of 
the  carpet  per  yard. 

(8)  If  the  cost  of  papering  a  room  8:^  yd.  long  and  6f  yd. 
wide,  with  paper  2  ft.  wide  at  4d.  per  yard,  be  £2.  19.s.  8d.. 
find  the  height  of  the  room. 

(9)  A  rectangular  field,  whose  length  is  997  yd.  1  ft.,  con- 
tains 12  acres,  4087  sq.  yd.  1  sq.  ft.  Find  the  breadth  of 
the  field. 

(10)  How  many  acres  are  there  in  a  square  field  each  side 
of  which  is  330  yd.  ? 

(11)  The  length  of  a  room  is  21  ft.,  and  its  height  10  ft. 
6  in.,  and  the  area  of  the  floor  is  ^j  of  the  area  of  the  four 
walls.     Find  the  breadth  of  the  room. 

(12)  What  length  must  be  cut  off  a  board,  which  is  6f 
inches  broad,  that  the  area  may  contain  a  square  foot  ? 

(13)  What  is  the  expense  of  papering  a  room  4  yd.  6f  in. 
long,  3  yd.  11:^  in.  wide,  and  3  yd.  1  ft.  high,  with  paper 
haK  a  yard  wide,  at  12  cents  a  yard  ? 

(14)  How  many  stones,  each  2  feet  long  and  15^  inches 
wide,  would  be  required  to  pave  a  square  coui'tyard,  whose 
side  is  124  feet  ? 

(15)  What  is  the  cost  of  papering  a  room,  15  ft.  long,  12 
ft.  wide,  and  10  ft.  high,  with  paper  f  yd.  wide,  at  12^  cents 
a  yard  ? 

(16)  Find  the  cost  of  papering  a  room  21  ft.  long,  15  ft. 
wide,  and  12  ft.  high,  with  papei  ^h  ft.  wide,  at  15  cents  a 
yard,  allowing  for  a  door  7  ft.  high  and  3  ft.  wide,  2  win- 
dows each  5  ft.  high  and  3  ft.  wide,  and  a  panelling  2  feet 
high  round  the  floor. 

(17)  The  length  of  one  side  of  a  rectangular  field  is  572 
yards,  and  the  area  of  the  field  is  50  acres  2  ro.  32  po.  Find 
the  length  of  the  other  side,  and  of  the  diagonal. 

(18)  A  rectangular  field,  300  yards  long  and  150  broad,  is 
separated  into  4  equal  parts  by  2  bands  of  trees,  20  feet  wide, 
parallel  to  the  sides.  How  large  will  each  part  be,  and  what 
will  be  the  area  covered  by  the  trees  ? 

(19)  A  room,  whose  height  is  11  feet,  and  length  twice  its 
breadth,  takes  143  yards  of  paper  2  feet  wide  for  its  four 
walls ;  how  many  yards  of  gilt  moulding  will  be  requiied  ? 
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(20)  What  will  be  the  cost  of  painting  the  walls  and 
ceihng  of  a  room,  whoso  height,,  length,  and  breadth  are  12  ft. 
6  in.,  27  ft.  4  in.,  and  20  ft.  respectively;  at  36  cents  per 
square  yd  ? 

(21)  Find  the  expense  of  carpeting  a  room  15  ft.  9  in. 
long  and  13  ft.  4  in.  broad,  with  carpet  27  inches  wide,  at 
95  cents,  per  yard. 

(22)  Find  the  cost  of  carpeting  a  room  10  yd.  2  ft.  long 
and  7  yd.  1  it.  broad,  with  carpet  f  yd.  wide,  at  $1.08  a  yard. 

(23)  If  the  cost  of  carpeting  a  room  11  yd.  long  and  8  yd. 
wide,  with  carpet  at  3s.  a  yard,  be  ^19.  16s.,  find  the  width 
of  the  carpet. 

(24)  How  many  flag-stones,  each  5-76  ft.  long  and  4*15  ft. 
wide,  are  requisite  for  paving  a  cloister,  which  incloses  a 
rectangular  court  45'77  yd.  long  and  41-93  yd.  wide,  the 
cloister  being  12*45  ft.  wide  ? 

XXXIV   Measurement  of  Solidity. 

228-  The  Unit  of  Measurement,  by  which  we  mea- 
sure the  Volume  of  a  Solid  body  or  the  Capacity  of  a 
vessel,  is  derived  from  the  Unit  of  Length.  Thus,  if 
we  take  an  inch  as  the  unit  of  length,  and  construct  a 
cube,  eacli  of  whose  edges  is  an  inch  in  length,  this 
Cubic  Incli  may  be  taken  as  the  Unit  of  Volume,  and 
the  measure  of  any  given  volume  will  be  the  number  of 
times  it  contains  this  unit. 

£29.  Let  ABDC  be  a  rectangle,  and  let  the  side  AB 
be  4  inches  in  length,  and  the  side  AC  3  inches  in  length. 
A  B 


E 

D 
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Tlien  ABCD  will  contain  12  square  inches.  (Art.  225.) 

Now  suppose  we  construct  a  number  of  blocks  of 
wood,  perfect  cubes,  whose  volume  is  a  cubic  inch,  and 
place  one  of  these  on  each  side  of  the  squares  in  ABDC; 
and  then  place  another  of  the  blocks  on  the  tox3  of  each 
of  the  first  set ;  and  so  on  till  we  have  piled  up  5  layers. 
Then  we  shall  have  constructed  a  rectangular  solid, 
whose  length  is  4  inches,  breadth  3  inches,  and  depth 
or  thickness  5  inches. 

Now  the  number  of  cubic  inches  in  this  soHd  we 
estimate  in  the  following  way :  for  each  of  the  squares 
in  ABDC  we  shall  have  a  pile  of  5  cubic  inches  :  there- 
fore the  number  of  cubic  inches  in  the  solid  ^\ill  be 
5x12  or  60. 

Hence  we  obtain  the  following  Eule  : 

To  find  the  cubic  content  of  a  rectangular  solid,  find 
the  continued  product  of  the  measures  of  the  length, 
breadth,  and  thickness,  and  the  result  is  the  measure  of 
the  cubic  content. 

Ex.  (1).  Find  the  cubic  content  of  a  rectangular 
piece  of  timber  whose  length  is  47  ft.,  breadth  4  ft.,  and 
thickness  3  ft. 

Taking  a  foot  as  the  unit  of  length,  and  therefore  a  cubic 
foot  as  the  unit  of  cubic  content, 

measure  of  cubic  content  is  =  47  X  4  X  3  =  564 ; 
.*.  the  cubic  content  is  564  cubic  feet. 

Ex.  (2).  What  is  the  cubic  content  of  a  room  whose 
length  is  22  feet  6  in.,  breadth  18  ft.  3  in.,  and  height 
10  feet  ? 

Cubic  content  =  (22^  X  18^  X  10)  cubic  ft., 

=  "'VxV  ^^^-  ^*-  =  41^6i  cub.  ft. 
Ex.  (3).    A  rectangular  sheet  of  water,  of  uniform 
deptli,  is  430  yards  long,  270  yards  broad,  and  contains 
7314800  cubic  feet  of  water;  what  is  its  depth? 
Keducing  the  lenjjth  and  breadth  to  feet. 

Area  of  surface  =  (430  X  3  X  270  X  8)  sq.  ft.  ; 
.-.  depth  = L3.L4  3p_p — _^ 
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Examples,    ^f-xxv) 

Find  the  cubic  content  of  t]  e  rectangular  solids  whctse 
dimensions  are 

(I)  8  ft.,  7  ft.,  6  ft .  (2)  l(Ji  ft.,  8^  ft.,  6i  ft. 

(3)  5  ft.  6  in.,  4  ft.  3  in.  ,3  ft.  7  in. 

(4)  11  ft.  8  in.,  9  ft.  10  in.,  7  ft.  5  in. 

(5)  6  yd.  2  ft.  4  in.,  3  yd.  1  ft.  7  in.,  4  ft.  11  in. 

(6)  How  many  bricks  will  be  required  to  build  a  wall  75 
ft.  long,  6  ft.  high,  and  18  inches  thick  ;  each  brick  being 
9  inches  long,  4J  inches  wide,  and  3  inches  deep  ? 

(7)  A  lake,  whose  area  is  45  acres,  is  covered  with  ice  3 
inches  thick  ;  find  the  weight  of  the  ice  in  tons,  if  a  cubic 
foot  of  ice  weigh  920  oz.  avoird. 

(8)  If  500  men  excavate  a  basin  800  yd.  long,  500  yd. 
wide,  and  40  yd.  deep  in  4  months,  how  many  men  will  be 
required  to  excavate  a  basin  1000  yd.  long,  400  yd.  wide, 
and  50  yd.  deep  in  5  months  ? 

(9)  A  square  block  of  stone,  2  ft.  in  thickness,  is  in  cubic 
content  5  cub.  ft.  24  in. ;  what  is  the  length  of  its  edge  ? 

(10)  What  weight  of  water  will  a  rectangular  cistern  con- 
tain, the  length  being  4  ft.,  the  breadth  2  ft.  6  in.,  and  the 
depth  3  ft.  3  in.,  when  a  cubic  foot  of  water  weighs  1000  oz.  ? 

(II)  A  block  of  stone  is  4  ft.  long,  2^  ft.  broad,  and  1;^  ft. 
thick ;  it  weighs  27  cwt.  Find  the  weight  of  100  cubic 
inches  of  the  stone. 

(12)  A  cubic  foot  of  water  weighs  1000  oz.  Find  the 
length  of  the  side  of  a  cubic  vessel  whose  contents  (water) 
weigh  4  tons  12  cwt.  3  qr.  10  lb.  7  oz.    (112  lbs.  =  1  cwt.) 

(13)  If  120  men  can  make  an  embankment  f  of  a  mile 
long,  30  yards  wide,  and  7  yards  high,  in  42  days,  how  many 
men  would  it  take  to  make  an  embankment  1000  y^rds 
long,  36  yards  wide,  and  22  feet  high,  in  30  days  ? 

(14)  A  rectangular  cistern,  9  feet  long,  5  ft.  4  in.  wide,  and 
2  ft.  3  in.  deep,  is  filled  with  liquid  which  weighs  2520 
pounds.  How  deep  must  a  rectangular  cistern  be,  which 
will  hold  3850  pounds  of  the  same  liquid,  its  length  being  8 
feet,  and  its  width  5  feet  6  inches  ? 

(15)  Find  the  cost  of  making  a  road  110  yards  in  length, 
and  18  ft.  wide  :  the  soil  being  first  excavated  to  the  depth 
of  1  ft.,  at  a  cost  of  Is.  per  cubic  yard  :  rubble  being  then 
laid  8  inches  deep,  at  Is.  per  cubic  yard,  and  gravel  placed 
on  the  top,  9  inches  thick,  at  2s.  6d.  per  cubic  yard. 
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EXAMINATION  PAPERS. 

(1)  Find  a  number  such  that  if  it  be  added  twenty-three 
times  to  37601  the  sum  will  be  40200. 

(2)  A  person  bought  500  yards  of  cloth  at  $3.20  per  yard, 
and  retailed  it  at  $3.35  per  yard  ;  what  was  his  profit  ? 

(3)  Find  the  H.  C.  F.  of  372,  837,  248  ;  and  arrange  the 
three  fractions  |,  ^,  If  in  order  of  magnitude. 

(4)  A  soldier  takes  7920  paces  in  a  march  of  3f  miles ; 
find  his  length  of  pace. 

(5)  Divide  93G6  farthings  into  an  equal  number  of  sover- 
eigns, half-sovereigns,  half-crowns  and  farthings. 

(6)  Divide  -14  by  7,  140  by  '07  and  -014  by  7000  ;  add  the 
results  together,  and  turn  the  decimal  into  a  vulgar  fraction. 

(7)  SimpHfy  the  expression  7-57 X '36  -2'345. 

(8)  The  polar  diameter  of  the  earth  is  41707796  feet ;  re- 
duce this  to  miles. 

(9)  If  telegraph  posts  are  placed  66  yards  apart,  and  a 
train  passes  one  in  every  3  seconds ;  how  many  miles  an 
hour  is  the  train  running  ? 

(10)  If  a  person  spends  in  four  months  as  much  as  he 
earns  in  three,  how  much  can  he  lay  by  annully,  supposing 
that  he  earns  $420  every  six  months  ? 


(11)  How  many  r,trp3  does  a  man  whose  length  of  pace  is 
32  inches  take  in  4:^  miles  ? 

(12)  Divide  $13230  between  2  men,  so  that  one  may  re- 
ceive a  third  as  much  again  as  the  other. 

(13)  Divide  tVj-A-ji  by  ?  +i  -  A  ;  and  express  the 
result  as  a  decimal. 

(14)  Find  the  value  of. 

(3^-2i)^f  off 
2t--(i  +  i) 
and  express  the  result  as  a  decimal. 

(15)  Simplify  the  expression  1*3  x  (2-4*  +  7-5)  -f-  2-364- 
1-697. 

(16;  Eeduce  11  ro.  11  po.  11  yd.  to  inches,  and  find  what 
fraction  the  result  is  of  3  acres. 

(17)  A  is  to  receive  ^1.25  a  day  every  day  he  works, 
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and  to  forfeit  $-80  every  day  he  is  idle.  At  the  end  of 
76  days  his  wages  amount  to  ^;84.15  ;  how  many  days 
was  he  idle  ? 

(18)  If  24  men  can  do  a  piece  of  work  in  12  days  of  10 
hours  each,  how  many  men  can  do  three  times  as  much  in 
10  days  of  8  hours  each  ? 

(19)  If  -3  of  an  estate  is  worth  17500,  what  is  the  value  of 
•48  of  the  estate  ? 

(20)  A,  B,  and  C  start  on  a  tour,  each  with  $200  in  his 
pocket,  and  agree  to  divide  their  expenses  equally.  Wlien 
they  return,  A  has  $37.50,  B  $50.82,  and  C  ^16.71.  What 
ought  A  and  B  to  pay  C  to  settle  their  accounts  ? 


(21)  Find  the  value  of 

Ij-A    .  7       _9^X5  _11| 
li+i*5       6  ""^14x3       15 
and  reduce  to  its  lowest  terms  Iff?. 

(22)  Express  as  vulgar  fractions  in  the  lowest  terms 
24-0025  and  -0008125  ;  and  divide  1-1214  by  5-34  and  1121*4 
by  -534. 

(23)  What  fi-action  is  7  cwt.  4  lb .  of  3  tons  1  qr.  (long  ton)  ? 
How  often  must  one  go  round  a  square  field  of  10  acres  to 
run  1  mile  ? 

(24)  A  gunboat's  crew,  consisting  of  a  lieutenant,  a  gun- 
ner, and  15  seamen,  captured  a  prize  worth  .£'899.  7s.  ;  the 
lieutenant's  share  is  10  times  and  the  gunner's  share  3  times 
as  much  as  that  of  each  seaman.  What  is  the  value  of  each 
person's  share  ? 

(25)  Extract  the  square  root  of  167-9616,  and  of  ^Wt- 

(26)  A  clock  which  loses  4  minutes  in  12  hours  is  10  min- 
utes fast  at  midnight  on  Sunday.  What  o'clock  will  it  indi- 
cate at  6  o'clock  on  Wednesday  evening  ? 

(27)  The  distance  between  two  wickets  was  marked  out 
for  22  yards,  but  the  yard  measure  was  jj  of  an  inch  too 
short ;  what  was  the  actual  distance  ? 

(28)  What  is  the  difference  between  simple  interest,  com- 
pound interest,  and  discount  ?  Find  the  difference  between 
the  simple  interest  and  the  true  discount  on  $1900  for  If 
years  at  8  per  cent. 

(29)  What  is  the  present  worth  of  a  bill  of  $170  due  in  3 
xnuK.,  reckoning  money  at  6%  per  annum  ? 
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(oO)  Find  the  interest  on  $880  for  1^  .years  at  4tl  per  cent., 
7ifl  the  discount  on  $929.50  for  2^  year.-,,  at  2|  per  cent. 


1\H         } 


(02)  Find  the  vulgar  fraction  equivalent  to 

•oo 

(33)  Which  is  the  better  investment,  the  3^  per  cents,  at 
91,  or  the  4  per  cents,  at  108  ? 

How  much  musi  a  man  invest  in  the  former  that  he  may 
have  a  yearly  income  of  $4851,  alter  paying  an  income  tax 
of  2  cents  in  the  dollar  ? 

(34)  Two  ships  get  under  weigh  at  the  same  time  for  the 
same  port,  distant  1200  miles  ;  the  faster  vessel  averages  10 
knots  an  hour,  and  arrives  at  the  port  a  day  and  a  half  before 
the  other :  whai  will  the  latter  vessel  average  an  hour  ? 

(35)  Divide  $87.50  between  two  men,  so  that  one  may 
receive  half  is  much  again  as  the  other. 

(36)  A  man  has  $3430  stock  in  the  3|  per  cents,  at  Sdh  ; 
when  tiie  stock  rises  2  per  cent,  he  transfers  his  capital  lo 
the  4  per  cents,  at  98  :  find  the  alteration  in  his  income. 

(37)  The  weight  of  the  water  contained  in  a  rectangular 
cistern  8  ft.  long,  7  ft.  wide,  is  93f  cwt.  If  a  cubic  foot  of 
water  weigh  1000  oz.,  find  the  depth  of  water  in  the  cistern. 

(38)  If  $3  is  the  discount  off  $333  for  2  mos.,  what  was 
the  rate  per  cent.  ?  What  should  be  the  discount  off  ^333 
for  1  year  ? 

(39)  The  height  of  a  tower  on  a  river's  bank  is  65  feet,  the 
length  of  a  line  fi-om  the  top  to  the  opposite  bank  is  78  ieet ; 
what  is  the  breadth  of  the  river  ? 

(40)  How  many  yards  of  matting  2-4  feet  broad  wijrcovei 
a  floor  that  is  27*3  feet  long  and  20-16  feet  broad  ? 


(41)  Simplify  the  fi-action 

1^  of  l|-|of  Ix  _^   2 
3^  4i  *    17 

^2    "^  Hi 
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(42)  If  I  of  li  of  an  estate  bo  wor^h  .*$300,  what  will  be 

2i 
the   value  of  — ^  of  the  estate  ? 

(43)  Of  an  electric  cable  |^  rests  on  the  bottom  of  the  sea, 
x's  hangs  in  the  water,  and  234|  yards  are  emr)loyed  on 
kind  :  what  is  the  length  of  the  cable  ? 

(440  Extract  the  cube  root  of  16777216. 

(45)  At  what  price  must  an  article,  which  coc{|  155.,  be 
sold  so  as  to  gain  10  per  cent.  ? 

(46)  The  number  of  disposable  seamen  at  Portsmouth  is 
800,  at  Plymouth  756,  and  at  Sheerness  404.  A  ship  is  com- 
missioned, whose  complement  is  490  seamen.  How  many 
must  be  drafted  from  each  place  so  as  to  take  an  equal  pro- 
portion ? 

(47)  (a)  Find  the  difference  between  the  simple  aiid  com- 
pound interest  of  $416. 66|  for  2  years  at  8  per  cent. 

(6)  Find  the  rate  of  interest,  when  the  discount  on  f  211.60 
due  at  the  end  of  1^  years  is  $27.60. 

(48)  What  sum  will  amount  to  $3213  in  ten  years  at  8 
per  cent,  simple  interest  ? 

(49)  The  length  of  a  rectangular  field  which  contains  4  ac. 
3  ro.  14  po.  26i  sq.  yd.  is  260  yd.  1  ft.  4  in.,  what  is  its 
breadth  ? 

(50)  A  room  is  14  ft.  3  in.  high,  20  ft.  wide,  24  ft.  long, 
what  will  it  cost  to  paper  it  with  a  paper  2^  ft.  wide,  whose 
price  ll^d.  per  yard  ;  allowing  8  It.  by  5  ft.  3  in.  for  each  of 
four  doors,  10  ft.  by  6  ft.  8  in.  for  each  of  two  windows,  and 
6  ft.  6  in.  by  5  ft.  for  a  fireplace  ? 


(5J)  dimphfy  the  fraction 

3-i        2-i 
3  +  *"'  2  +  ^ 

3  +  i        2  +  i 
3  -  i  ^^  2  -  i 
(5'>)  Fi-1  the  value  of 

•003  of  ^1.  5s.  +  -069  of  ^  5- 

'8oi2s.3d. 

(53)  If  f  of  the  cargo  of  a  ship  be  worth  $16000,  what  will 
be  the  value  of  f  of  ^  of  the  remainder  ? 

(54)  A  can  mow  5  acres  of  grass  in  3  days,  B  7  acres  in 
9  days,  Oil  acres  in  12  days  :  in  how  many  days  can  they 
jointly  mow  121  acres  ? 
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(55)  A  watch,  which  is  6  m.  40  s.  fast  on  Monday  at  noon, 
is  1  m.  61  s.  fast  at  midnight  on  the  following  Sunday :  what 
did  it  lose  in  a  day? 

,o6)  The  rent  of  a  farm  is  $720,  and  the  taxes  are  142 
per  cent,  on  the  rent :  find  the  amount  of  rent  and  taxes 
together  ? 

(57)  Three  persons  divide  the  cost  of  an  entertainment 
amongst  them  in  such  a  manner  that  the  first  pays  ^  of  the 
whole,  and  the  second  f  of  what  the  fii-st  pays,  and  the  third 
pays  the  remainder,  which  is  f  2.60 :  what  is  the  amount  of 
the  bill? 

(58)  If  an  income  of  $1200  pays  $18  for  income  ta::,  how 
much  must  be  paid  on  an  income  of  $750  when  the  tax  is 
half  as  much  again  ? 

(59)  A  invests  $552  in  the  3^  per  cents,  when  they  are  at 
92  ;  B  invests  $679  in  the  3  per  cents,  when  they  are  at  97. 
Find  the  difference  of  their  incomes. 

(60)  What  is  the  cost  of  the  carpet  for  a  room,  the  dimen- 
sions of  which  are  21  feet  long,  15t  feet  wide,  at  42f  cents 
per  squaie  yard  ? 


(61)  SimpHfy: 

\4i  +  5i  '^  ml  "^  \2I    ■  8,W 


j281 
1-405 


(62)  A  regiment  marching  3^  miles  an  hour  makes  110 
steps  in  a  minute  :  what  is  the  length  of  the  step  ? 

(03)  How  long  would  a  column  of  men,  extending  3420 
fcct  in  length,  take  to  march  through  a  street  a  mile  long  at 
the  rate  of  58  paces  in  a  minute,  each  pace  being  2^  feet  ? 

(64)  A  street  being  850  feet  long,  and  the  width  of  the 
pavement  on  each  side  being  5  ft.  3  in.  find  the  cost  of  pav- 
ing it  at  37i  cents  a  square  foot  ? 

(65)  Two  pipes  toget'.:er  fill  a  cistern  in  1  hour :  one  of 
them  alone  fills  it  in  1^  hour.  How  long  will  it  take  the 
other  to  fill  it  ? 

(66)  How  many  hours  a  day  must  42  boys  work,  to  do  in 
45  days  what  27  men  can  do  in  28  days  of  10  hours  long  ;  the 
work  of  a  boy  being  half  that  of  a  man  ? 

(67)  At  what  rate  will  the  simple  interest  on  $125  amount 
to  $13.12^  in  Hyear? 

(08)  What  principle  will  give  $616  simple  interest  in  5J 
years  at  6|  per  cent  ? 
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(69)  A  log  of  timber  is  18  feet  long,  1  foot  4  inches  wide, 
and  15  inches  thick.  If  a  piece  containing  2^  solid  feet,  be 
cut  off  the  end  of  it,  what  length  will  be  left  ? 

(70)  If  8  guineas  be  expended  in  purchasing  Brussels 
carpet,  f  yd.  wide,  at  3s.  6d.  a  yd.,  for  a  room  20  ft.  long 
and  16  ft.  9  in.  broad ;  how  much  of  the  floor  will  remain 
uncovered  ? 


11  J-  2^   .      *  -06 

(71)  sun^-:i:^^~^j~-^^ 

2+i 

(72)  Find  the  value  of 

•02  of  ^1  +  -03  of  7s.  6d.  +  -014  of  2s.  9d. 

(73)  Extract  the  square  root  of  30712-5625  of  -^^^Vt;  ^^^ 
of  -000000133225. 

(74)  A  bankrupt  owes  $7850,  and  pays  37^  cents  in  the 
dollar.     How  much  did  his  creditors  jointly  lose  ? 

(75)  If  14  men  can  mow  35  acres  of  grass  in  6  days  of  10 
hours  each,  in  how  many  days  of  12  hours  each  can  3  men 
mow  24  acres? 

(76)  If  9  men  or  16  women  could  do  a  piece  of  work  in 
144  days,  in  what  time  would  7  men  and  9  women  do  it, 
working  together  ? 

(77)  Divide  $2849  among  A,  B,  and  G,  in  the  proportion 
of -7,  -28,  and  -056. 

(78)  The  mathematical  discount  on  a  sum  of  money  for 
2  years  is  $860  ;  the  interest  on  the  same  sum  for  the  same 
time  is  $400 ;  find  the  sum  and  the  rate  per  cent. 

(79)  Find  the  gain  or  loss  per  cent.,  in  buying  oranges  at 
$2  50  per  hundred  and  selling  them  at  8  for  12  cents. 

(^80)  What  will  be  the  cost  of  papering  a  room  21  ft.  long 
by  15  ft.  broad  and  11  ft.  high,  which  has  two  windows  each 
9  ft.  high  and  3  feet  wide,  a  door  7  ft.  high  and  3  ft.  6  in. 
wide,  and  a  hre  place  4  ft.  high  by  4  ft.  6  in  wide,  with 
paper,  2  ft.  3  in.  wide  at  9s.  a  piece  ;  the  price  of  putting  it 
OD  being  6d.  per  piece,  and  each  piece  containing  12  yards  ? 


(81)  Simplify 

(1)  21-U-f    9^ 

4i-2i  +  13/T 

(2)  (3-71 -1-908)  X  7-03 

2-2 -/A 
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(82)  A  man  owns  ^%  oi  a  mine,  and  sells  -1351  of  his 
share  ;  what  fraction  of  the  mine  has  he  left  ? 

(83)  A  and  B  can  do  a  piece  of  work  in  8  days,  B  and  0 
can  do  it  in  12  days,  and  A,  B,  and  C  can  do  it  in  6  days. 
In  how  many  days  can  A  and  (7  do  it  ? 

(84)  A  clock  which  gains  71  minutes  in  24  hours  is  12 
minutes  fast  at  miflnight  on  Sunday.  What  o'clock  will  it 
indicate  at  4  o'clock  on  Wednesday  afternoon  ? 

(85)  Gunpowder  being  composed  of  33  parts  of  nitre,  7 
of  charcoal,  and  5  of  sulphur  ;  find  how  many  pounds  of 
each  will  be  required  to  make  30  lbs.  of  powder. 

(86)  What  is  the  difference  between  Interest  and  Dis- 
count ?     Which  of  the  two  is  greater  ? 

Find  the  difference  between  the  Interest  and  Discount  on 
^1639  for  4^  mos.  at  Gi^j  per  cent. 

(87)  Find  the  difference  between  the  true  and  bank  dis- 
counts on  a  note  of  $10400  due  in  six  months,  (days  of  grace 
included)  at  8%  per  annum. 

(88)  I  of  A's  stock  was  destroyed  by  fire,  f  of  the  re- 
mainder was  injured  by  water  and  smoke  ;  he  sold  the 
uninjured  goods  at  cost  price,  and  the  injured  goods  at  a 
third  of  cost  price.  He  realizsd  $1155.  What  did  he  lose 
by  the  fire. 

(89)  Having  given  that  the  weight  of  a  cubic  foot  of  water 
is  1000  oz.,  and  that  the  imperial  gallon  contains  277-274 
cubic  inches,  find  the  weight  of  a  pint  of  water. 

(90)  A  room  is  22  ft.  6  in.  long,  20  ft.  3  in.  wide,  and  10 
ft.  9  in.  high.  Find  the  cost  of  carpeting  the  room  at  $1.20 
a  square  yard,  and  of  papering  the  walls  at  20  cents  a  square 
yard. 


(91)  Simplify: 

•004  -r-  -0005 


2-423  +  3-576  +  2-0001911 

(92)  The  quotient  in  a  division  question  equals  six  times  the 
divisor,  and  the  divisor  equals  six  times  the  remainder ;  the 
three  amount  together  to  516  ;  find  the  dividend. 

(93)  Add  together  -60625  of  £1  -}-  -142857  of  14s.  lO^d., 
and  {i  of  t't  of  £d.  5s.  Id.,  and  express  the  result  as  the 
decimal  of  27  shillings. 

(94)  A  clock  gains  3^  minutes  a  day;    how  must  the 
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bands  be  placed  at  noon  so  as  to  point  to  true  time  at  7h. 
30  m.  P.M.  ? 

(95)  A  person  invests  $750  at  simple  interest,  and  at  tbe 
end  of  3  years  and  8  montbs  be  finds  tbat  be  possesses 
$956.25  ;  at  wbat  rate  per  cent,  per  an.  was  bis  profit  ? 

(96)  .A  person's  balf -yearly  income  is  derived  horn,  tbe 
proceeds  of  $4550  at  a  certain  rate  per  cent.,  and  $5420  at  1 
per  cent,  more  tban  tbe  former.  His  wbole  income  is  $453. 
Determine  tbe  rates. 

(97j  Wbat  will  be  tbe  cost  of  enclosing  a  rectangular  gar- 
den, 90  yd.  long  and  30  yd.  2  ft.  3  in.  broad,  witb  a  wall 
8  ft.  4  in.  bigb,  at  tbe  rate  of  $1.20  per  superficial  square 
yard  ? 

(98)  A  person  invests  ^610000  in  3  per  cents,  at  75,  and 
wben  tbey  rise  to  78  be  sells  out  and  invests  the  produce  in 
bank  sbares  at  £208  each,  which  pay  a  dividend  of  £8  per 
share.     Show  tbat  his  income  is  not  altered. 

(99)  Wbat  must  be  the  least  number  of  soldiers  in  a  regi- 
ment to  admit  of  its  being  drawn  up  2,  8,  4,  5  or  6  deep, 
and  also  of  its  being  formed  into  a  solid  square  ? 

(100)  If  $40  is  a  proper  discount  off  $360  for  8  montbs, 
what  should  be  tbe  12  months'  interest  on  $360  ? 


(101)  Multiply  57875  by  729819,  witb  three  lines  of  multi- 
plication,  and  divide  123456  by  63,  using  short  division. 

(102)  A  French  metre  =  1*0936  of  a  yard,  and  a  centi- 
metre is  the  hundred  part  of  a  metre.  Find  a  centimetre 
in  decimals  of  an  inch  to  4  places. 

(103)  A  and  B  can  do  a  piece  of  work  in  4  days,  B  and  G 
in  5f  days,  and  A  and  C  in  4f  days.  In  what  time  can  each 
do  the  work  separately  ? 

(104)  M  starts  from  C  and  travels  towards  D  at  a  rate  of 
6  miles  per  hour;  two  hours  afterwards  N  starts  from  C, 
and  going  10  miles  per  hour  reaches  D  4  hours  before  M. 
Find  the  distance  from  C  to  D. 

(105)  Find  tbe  simple  interest  on  $2733^  at  4  per  cent,  for 
3  years  and  9  months ;  and  determine  what  sum  will  amount 
to  $926.10  in  3  years  at  5  per  cent,  compound  interest. 

(106)  Find  the  difference  between  the  discount  on  $1622.50 
for  14  months  a  7  per  cent,  per  ann.  and  the  interest  on 
$1760  for  15  months  at  6  per  cent,  per  ann. 

(107)  A  women  buys  a  certain  nnmber  of  apples  at  3  a 
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penny,  and  tbe  same  number  at  2  a  penny  ;  she  then  mixes 
them  and  sells  them  at  5  for  twopence.  How  much  does  she 
gain  or  lose  per  cent. 

(108)  A  person,  by  disposing  of  goods  for  $182,  loses  9  per 
cent.  What  ought  tLey  to  have  been  sold  at  to  realise  a 
profit  of  7  per  cent.  ? 

(109)  Find  the  cost  of  papering  a  room  14  ft.  5  in.  long, 
13  ft.  7  in  broad,  and  12  ft.  3  in.  high,  with  paper  at  14|  cents 
per  square  yard.  In  the  room  are  4  windows  4  ft.  by  3  ft., 
2  doors  6  ft.  6  in.  by  2  ft.  5  in.,  and  a  fireplace  5  ft.  by  4  ft. 

(110)  The  external  dimensions  of  a  box  without  a  lid  are, 
length  4  feet,  breadth  3  feet,  depth  2  feet,  and  the  thickness 
of  the  sides  and  bottom  is  the  same,  namely  1  inch  ;  if  the 
cost  of  a  cubic  yard  of  the  material  is  9s.,  and  the  cost  of 
making  the  box  =  xx  ^^  ^^®  ^^^^  ^^  ^^^  material,  what  will 
the  box  cost  ? 


(111)  Eight  bells  begin  tolling  together  at  the  same  in- 
stant, and  they  toll  at  intervals  of  1,  2,  3,  4,  5,  6,  7,  8  seconds 
respectively:  after  what  time  will  they  be  again  to ILiig  at 
the  same  instant  ? 

(112)  Simplify 


|of  ^§  +  5^  ■  ^       (7         lOi       18  "^7  j   •  7 

(113)  A,  B,  and  C  are  partners.  A  receives  two-fifths  of 
the  profits,  B  and  C  dividing  the  remainder  equally.  A'a 
income  is  increased  by  $220  when  the  rate  of  profit  rises 
from  8  to  10  per  cent.     Find  the  capital  of  B  and  C. 

(114)  A  railway  train  having  left  a  terminus  at  noon  is 
overtaken  at  6  p.m.  by  another  train,  which  left  the  same 
terminus  at  1  p.m.  If  the  former  train  had  been  10  miles 
farther  on  the  road  when  the  latter  started,  it  would  not 
have  been  overtaken  till  8  p.m.     Find  the  rates  of  the  trains. 

(115)  A  person  invests  £5000  in  Turkish  6  per  cent,  stock 
at  80  ;  find  the  rate  of  interest  he  gets  for  his  money. 
When  his  stock  has  risen  to  104  he  sells  out,  and  buys  ^620 
railway  shares  at  i'lS,  which  pay  flividend  at  the  rate  of  4h 
per  cent.     Find  the  alteration  in  his  income. 

(116)  If  6  men  and  2  boys  can  reap  13  acres  in  2  days, 
and  7  men  and  5  boys  can  reap  33  acres  in  4  days,  how  long 
will  it  take  2  men  and  2  boys  to  reap  10  acres  ? 
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(117)  The  cost  price  of  a  book  Ls  S4.75,  expense  of  the 
sale  6  "/o,  profit  24  %  ;  what  is  the  retail  price  ? 

(118)  Show  that  the  simple  interest  on  $025  for  8  months 
at  7  %  is  equal  to  that  on  $1093.75  at  8  io  for  4  months. 

(119)  One  clock  gains  4  minutes  in  12  hours,  and  another 
loses  4  minutes  in  24  hours.  They  are  set  right  at  noon  on 
Monday.  Determine  the  time  indicated  by  each  clock, 
when  the  one  appears  to  have  gained  16J  minutes  on  the 
other. 

(120)  A  rectangular  court  is  50  yards  long  and  30  yards 
broad.  It  has  paths  joining  the  middle  points  of  the  oppo- 
site sides,  of  6  ft.  in  breadth,  and  also  paths  of  the  same 
breadth  running  all  round  it.  The  remainder  is  covered 
with  grass.  If  the  cost  of  the  pavement  be  12^  cents  per 
square  foot,  and  of  the  grass  70  cents  per  square  yard,  find 
the  whole  cost  of  laying  out  the  court. 


(121 )  How  many  times  does  the  29th  day  of  the  month 
occur  ,  •  400  consecutive  years? 

(1?  /  V  creditor,  agreeing  to  receive  $281.25  for  a  debt, 
finds  tiiat  he  has  been  paid  at  the  rate  of  62|  cents  in  the 
dollar;  how  much  was  the  debt? 

(123)  A,  B,  and  C  rent  a  meadow  for  $43.  A  puts  in  10 
horses  for  1  month,  B  12  oxen  for  2  mouths,  and  C  20  sheep 
for  3  months.  How  should  the  expense  be  divided,  if  the 
quantities  eaten  by  a  horse,  an  ox,  and  a  sheep,  during  the 
same  time,  be  in  the  ratio  of  4,  3,  and  1  ? 

(124)  If  the  price  of  9760  bricks,  of  which  the  length, 
breadth,  and  thickness  are  20  inches,  10  inches,  and  12^ 
inches  respectively,  be  $213.50,  what  will  be  the  price  of  100 
bricks,  which  are  one-filth  smaller  in  every  dimension  ? 

(125)  How  many  years'  purchase  should  I  give  for  an 
estate,  so  as  to  get  3^  per  cent,  interest  for  my  money  ? 

(126)  How  often  between  11  and  12  are  the  hands  of  a 
clock  an  integral  number  of  minute  spaces  apart  ? 

(127)  A  and  B  walk  a  race  of  25  miles ;  A  gives  B  45 
minutes'  start ;  A  walks  uniformly  a  mile  in  11  minutes, 
and  catches  B  at  the  20th  milestone :  find  jB's  rate,  and  by 
how  much  he  lost  in  time  and  space. 

(128)  A  debt  is  due  at  the  end  of  4^  months  ;  ^  is  paid 
immediately,  and  ^  at  the  end  of  3  months ;  when  ought 
the  remainder  to  be  paid  ? 
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(129)  A  man,  by  selling  out  of  a  3  per  cent,  stock  at  99 
gains  10  per  cent,  on  his  investment.  At  what  price  did  he 
buy,  and  what  was  his  income,  supposing  that  he  reahzed 
$15345  1 

(130)  A  tank  is  8  ft.  long,  5  ft.  4  in.  wide,  4  ft.  6  in.  deep. 
Find  the  number  of  gallons  it  contains,  having  given  that  1 
cub.  ft.  of  water  weighs  1000  oz.,  and  that  a  pint  of  water 
weighs  a  pound  and  a  quarter. 


(131)  Simplify 

1  /_3        2\  _ilS       1\2       3 

7i  of  3A  +  3-^T-  •    [id      9/       \  3   "^  0/    ■   3  "^^  8 
of  63. 

(132)  In  a  dormitory  ^  of  the  boys  are  in  the  upper 
school,  f  of  the  remainder  in  the  middle,  and  the  rest,  8  in 
number,  in  the  lower  ;  find  the  number  in  the  dormitory. 

(133)  The  circumference  of  the  fore-wheel  of  a  carriage  is 
8  feet,  and  that  of  the  hind-wheel  is  10  feet ;  in  what  dis- 
tance will  the  fore-wheel  make  100  revolutions  more  than 
the  hind-wheel  ? 

(134)  A  and  B  receive  |1.37|  for  digging  a  garden.  They 
work  at  it  together  for  4^  hours  ;  B  then  left,  and  A  finished 
1  be  work  in  d^  hours.     How  should  the  pay  be  divided  ? 

(135)  What  are  the  two  exact  times  when  the  hands  of  a 
watch  are  equally  distant  from  fig.  III.  1 

{ 136)  In  how  many  years  will  ^320  double  itself,  at  7i 
p^r  cent,  simple  interest  ? 

(137)  A.  person  invests  the  present  value  of  £2358  due  two 
years  hence  at  4  per  cent,  in  gas- shares,  which  pay  at  the 
rate  of  nine  per  cent. ;  he  gives  £144  for  each  share  of  ^100  ; 
what  is  his  annual  income,  and  what  rate  per  cent,  does  he 
make  of  his  money  invested  in  the  gas-shares  1 

(138)  At  billiards  A  can  give  B  5  points  in  a  game  of  50, 
and  G  10  points  in  50  ;  how  many  points  can  B  give  C  in  a 
game  of  90  ? 

(139)  How  much  money  must  one  invest  in  3  per  cent. 
Consols,  when  they  are  at  10  per  cent,  below  par,  in  order 
to  have  an  income  of  ^2000  a  year  ? 

(140)  A  level  reach  in  a  canal,  14  miles  6  furlongs  long, 
and  48  feet  broad,  is  kept  up  by  a  lock  80  feet  long,  12  feet 
broad,  and  having  a  fall  of  8  ft.  6  in,;  how   many  barges 


274  EXAMINATION    PAPERS. 

might  pass  through  the  lock  before  the  water  in  the  uppnr 
canal  was  lowered  one  inch  ? 


(141)  Find  the  value  of  „.   ^.o  x  3-r-t  of  $5.67. 

(142)  A  can  do  a  piece  of  work  in  6  days,  which  B  can 
destroy  in  4.  A  has  worked  for  10  days,  during  the  last  5  of 
which  B  has  been  destroying  ;  how  many  days  must  A  now 
work  alone,  in  order  to  complete  his  task  ? 

(143)  Two  cisterns  of  equal  dimensions  are  filled  with 
water,  and  the  taps  for  both  are  opened  at  the  same  time. 
If  the  water  in  one  will  run  out  in  5  hours,  and  that  in  the 
other  in  4  hours,  find  when  one  cistern  will  have  twice  as 
much  water  in  it  as  the  other  has. 

(144)  If  3  men,  4  women,  5  boys,  or  6  girls,  can  perform 
a  piece  of  work  in  60  days,  how  long  will  it  take  1  man,  2 
women,  3  boys,  and  4  girls,  all  working  together  '? 

(145)  Two  trains  start  at  the  same  time  from  London  and 
Edinburgh,  and  proceed  towards  each  other  at  the  rates  of 
30  and  50  miles  per  hour  respectively.  When  they  meet,  it 
is  found  that  one  train  has  ran  100  miles  farther  than  the 
other.     Find  the  distance  between  London  and  Edinburgh. 

(146)  Two  persons  buy  respectively  with  the  same  sums 
into  the  3  and  3^  per  cents.,  and  get  the  same  amount  of 
interest.  The  3  per  cents,  are  at  75  :  at  what  price  are  the 
d^  per  cents.  ? 

(147)  Divide  $1986.50  among  A ,  B,  and  (7,  in  the  propor- 
tion of  2,  3,  1*15,  and  -625  respectively. 

(148)  If  for  a  sovereign  one  can  buy  11  gulden  12  kreut- 
zers  or  25-5  francs,  and  for  one  20-franc  piece  9  gulden  20 
kreutzers,  how  much  per  cent,  is  gained  by  buying  French 
gold  with  English  gold  before  buying  German  money  ? 

(149)  Express  69^  miles  in  metres,  32  metres^being  taken 
to  be  equivalent  to  35  yards. 

(150)  Find  the  cost  of  painting  the  walls  of  a  square  room 
14  ft.  high  and  18  ft.  long,  with  two  doors  8  ft.  by  4,  and 
three  windows  10  ft.  by  5,  the  amount  saved  by  each  window 
being  £2.  16s.  M.  What  additional  height  would  increase 
the  cost  by  95  ?     Nine  shiUings. 


ixu.,  Simplify  ^+ Ji±|l-f  I  +  I  of /^ 
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(152)  Two  lines  are  41*06328  inches  and  -0438  of  an  inch 
long  respectively.  How  many  lines  as  long  as  the  latter  can 
be  cut  off  from  the  former,  and  what  will  be  the  length  of 
the  remaining^ine  ? 

(153)  A  and  B  start  to  run  a  race  ;  their  speeds  are  as  17 
to  18.  A  runs  2^  miles  in  16  min.  48  sec.  ;  B  finishes  the 
course  in  34  minutes :  determine  the  length  of  the  course. 

(154)  A  boat's  crew  row  over  a  course  of  a  mile  and  a 
quarter  against  a  stream  which  flows  at  the  rate  of  2  miles 
an  hour,  in  10  minutes.  The  usual  rate  of  the  stream  is  half 
a  mile  an  hour.  Find  the  time  which  the  boat  would  take 
in  the  usual  state  of  the  river. 

(155)  A  person  pays  one  tax  of  10c?.  in  the  £,  and  another 
of  5  per  cent,  on  his  income.  His  remaining  income  is  .£545. 
What  was  his  original  income  ? 

(156)  A  man  invested  $14350  in  the  U.  S.  6's  at  107^  the 
brokerage  being  ^%  ;  what  will  be  his  clear  income  after  an 
income-tax  of  5%  is  deducted? 

(157)  A  soldier  has  5  hours'  leave  of  absence  :  how  far  may 
he  ride  on  a  coach  which  travels  10  miles  an  hour,  so  as  to 
return  to  the  camp  in  time,  walking  at  the  rate  of  5  miles  an 
hour? 

(158)  Two  trains  start  at  the  same  time,  the  one  from 
London  to  Norwich,  the  other  from  Norwich  to  London.  If 
they  arrive  in  Norwich  and  London  respectively  1  hour  and 
4  hours  after  they  passed  each  other,  show  that  one  travels 
twice  as  fast  as  the  other. 

(159)  When  ^6170  will  purchase  4233  francs,  what  is  the 
course  of  exchange  between  London  and  Paris  ?  And  if  503 
gold  pieces  of  20  francs  contain  as  much  pure  gold  as  400 
sovereigns,  what  is  the  par  of  exchange  between  London  and 
Paris? 

(160)  A  hollow  cubical  box,  made  of  material  which  is  1-3 
inches  in  thickness,  has  an  interior  capacity  of  50*653  cubic 
feet :  determine  the  length  of  the  outside  edge  of  the  box. 


1+^ 


aei)  Simplify  (63  of  i%3^)  ^--2-^ 

(162)  Gold  of  the  value  of  £423267  arrives  from  Austraha; 
what  is  its  weight  in  lb.  avoirdupois,  the  price  being  £S.  18s. 
per  oz.  troy,  and  1  lb.  avoirdupois  being  equal  to  29^  oz. 
troy  ? 
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(163)  A  can  do  one-half  of  a  piece  of  work  in  1  hour,  B 
can  do  three-fourths  of  the  remainder  in  one  lionr,  and  G 
can  finish  it  in  20  minutes  :  how  long  would  A,  B,  and  C 
together  take  to  do  it  ? 

(164)  If  I  pay  $750  now  for  a  debt  of  $77f.09|  not  yet 
payable,  and  money  be  considered  worth  7^  per  cent,  per 
annum,  when  will  the  debt  be  due  ? 

(165)  Two  equal  wine-glasses  are  filled  with  mixtures  of 
spirit  and  water  in  the  ratios  of  1  of  spirit  to  3  of  water  and 
1  of  spirit  to  4  of  water  :  when  the  contents  are  mixed  in  a 
tumbler,  find  the  strength  of  the  mixture. 

(166)  At  what  per  cent,  in  advance  of  cost  must  a  mer- 
chant mark  his  goods  so  that  after  throwing  off  20  %  of  the 
marked  price  he  may  make  a  profit  of  25  per  cent. 

(167)  A  man  receiving  a  legacy  of  $34510  invested  one- 
half  in  Dominion  6  per  cents,  at  101,  and  the  other  half  in 
U.  S.  5  per  cents,  at  84^,  paying  brokerage  at  ^  %  ;  what 
annual  income  did  he  secure  from  his  legacy  ? 

(168)  A  piece  of  work  must  be  finished  in  36  days,  and  15 
men  are  set  to  do  it,  working  9  hours  a  day  ;  but  after  24 
da;ys  it  is  found  that  only  three-fifths  of  the  work  is  done.  If 
3  additional  men  be  then  put  on,  how  many  hours  a  day 
will  they  all  have  to  labour,  in  order  to  finish  the  work  in 
time  ? 

(169)  Of  two  stalactites  hanging  from  the  flat  roof  of  a 
cavern,  one  is  1*02  inclies  longer  than  the  othf-r,  and  the 
shorter  one  increases  in  length  at  the  rate  of  3*014  inciies  in 
a  century.  Find  the  rate  of  increase  of  the  otlier,  in  order 
that  they  may  be  of  the  same  length  at  the  end  of  125  years. 

(170)  Two  men  A  and  B,  start  from  Cambridge,  at  4  and 
6  o'clock,  A.M.  respectively,  to  walk  to  Lo-idon,  a  distance  of 
60  miles  ;B  passes  A  at  the  twentieth  tnilestone,  and  reach- 
es London  at  5  p.m.     When  will  A  arrive  there  ? 


(171)  Find  the  square  root  of  10747-4689,  and  the  cube 
root  of  189119224. 

(172)  A  person  can  read  a  book  containing  220  pages, 
each  of  which  contains  28  lines,  and  each  line  on  an  average 
12  words,  in  5^  hours ;  how  long  will  it  take  him  to  read  a 
book  containing  400  pages,  each  of  which  contains  36  lines, 
and  each  line  on  an  average  14  words  ? 

(173)  The  whole  time  occupied  by  a  train  120  yards  long. 


EXAMINATION    PAPERS.  277 

travelling  at  the  rate  of  20  miles  an  liour,  in  crossing  abridge 
is  18  seconds ;  find  the  length  of  the  bridge. 

(174)  If  20  men,  40  women,  and  50  children  receive 
$4200  among  them  for  seven  weeks'  work,  and  2  men 
receive  as  much  as  3  women  or  5  children,  what  sum  does  a 
woman  receive  per  week  ? 

(175)  Two  clocks  begin  to  strike  12  together  ;  one  strikes 
in  35  seconds,  the  other  in  25  ;  what  fraction  of  a  minute  is 
there  between  their  seventh  strokes  ? 

(176)  A  speculator  bought  43  shares  in  a  mine  at  d5^,  and 
kept  them  till  they  dropped  to  11^,  when  he  sold  out  and 
bought  witli  the  proceeds  6  per  cent,  railway  stock  at  28  pre- 
mium ;  find  his  annual  income  from  the  latter  investment. 

(177)  Two  clocks  strike  9  together  on  Tuesday  morning. 
On  Wednesday  morning  one  wants  10  minutes  to  11  when 
the  other  strikes  11.  How  much  must  the  faster  be  put 
back,  that  they  may  strike  9  together  on  Wednesday  even- 
ing ? 

(178)  How  much  ore  must  one  raise,  that  on  losing  \l  in 
roasting  and  ^%  of  the  residue  in  smelting,  there  may  result 
506  tons  of  pure  metal  ? 

(179)  If  a  population  is  now  ten  millions,  and  the  births 
are  1  in  20  and  the  deaths  1  in  30  annually,  what  will  the 
population  become  in  5  years  ? 

(180)  There  are  two  rectangular  fields  equal  in  area  ;  the 
sides  of  one  are  945  yards  and  1344  yards  in  length,  and  the 
longer  side  of  the  second  is  1134  yards  ;  what  is  the  length 
of  its  shorter  side,  and  how  many  acres  are  there  in  each 
field? 


(181)  The  masters  of  a  school  are  -0416  of  its  whole  num- 
ber, but  after  40  new  boys  have  been  added  the  masters  be- 
came "0375  of  the  whole.  How  many  boys  and  masters 
were  there  betore  the  new  boys  came  '? 

(182)  Divide  #350  among  4  persons,  so  that  B  may  have 
three  times  as  much  as  ^4,  0  half  as  much  again  as  A  >;!ud  B 
together,  and  D  as  much  as  A,  B,  and  C  together. 

(183)  By  selling  a  house  for  #3700  I  lost  7^  per  cent.; 
what  must  I  have  sold  it  for  to  have  gained  12^  percent.  ? 

(184)  Find  the  difference  between  the  interest  and  dis- 
count on  $1265  for  73  days  at  G^o  ? 

(185)  A  mercliant  sells  tea  to  a  tradesman  at  a  profit  of 
60  per  cent.,  but  the  tradesman  becoming  a  bankrupt  pays 
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37^  cts.  in  the  dollar.     How  much  does  the  merchant  gam 
or  lose  by  the  sale  ? 

(186)  What  sum  must  a  man  invest  in  the  6  per  cent. 
County  bonds  at  101 1  in  order  to  have  a  clear  income  of 
$1424.80  after  paying  an  income  tax  of  1|%  on  all  over  $400? 

(187)  A  baker's  outlay  for  flour  is  70  per  cent,  of  his  gross 
receipts,  and  other  trade  expenses  20  per  cent.  The  price 
of  flour  falls  50  per  cent,  and  other  trade  expenses  are 
thereby  reduced  25  per  cent.  What  reduction  should  he 
make  in  the  price  of  a  15c.  loaf,  allowing  him  still  to  realize 
the  same  amount  of  profit  ? 

(188)  What  is  the  average  annual  profit  of  a  business, 
when  a  partner,  entitled  to  *  of  the  profits,  receives  as  his 
share  for  2  years  aud  4  months  the  sum  of  $7890.50. 

(189)  If  a  tradesman  adds  to  the  cost  price  of  his  goods  a 
profit  of  12i  per  cent.,  what  is  the  cost  price  of  an  article 
which  he  sells  for  $3.82^  ? 

(190)  A  rectangular  piece  of  ground  72  j^aids  by  45  yards 
is  to  be  laid  out  in  4  plots  of  grass,  each  27  ft.  by  13.^  ft.",  and 
a  pond  in  the  centre  6  yards  square,  to  contain  252  cubic 
yards  of  water ;  find  the  expense  of  gravelling  the  remainder 
at  2 1  cts.  per  square  yard,  and  the  depth  of  the  pond. 


(191)  Find  the  value  of 

5^of|of2-t-l-^(l  +  ^) 

l-^ofji  +  iofT-^l 

(192)  If  12  men  or  18  boys  can  do  f  of  a  piece  of  work  in 
6^  hours,  in  what  time  will  11  men  and  9  boys  do  the  rest  ? 

(193)  Find  the  principal  sum  on  which  the  simple  interest 
in  2^  years  at  6^%  per  annum  is  $1068.75. 

(194)  The  compound  interest  on  a  certain  sum  at  4  per 
cent,  for  2  years  exceeds  the  simple  interest  for  the  same 
time  aL  the  same  rate  by  $6  ;  what  is  the  sum  ? 

(195)  Two  ships  are  built.  Twice  as  many  ship-carpen- 
ters are  employed  about  the  first  aa  about  the  second  ;  the 
first  is  built  in  9  months,  the  second  in  8  months  ;  the  wages 
of  eachjnan  of  the  first  set  are  25  cents  per  hour,  and  they 
work  12  hours  a  day ;  the  wages  of  each  of  the  second  set 
are  13  cents  per  hour,  and  they  work  10|  hours  a  day.  The 
cost  of  the  first  in  carpenters'  wages  was  $30000  ;  what  was 
that  of  the  second  ?  "^ 
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(196)  A  person  leaves  $12670  to  be  divided  among  his  five 
children  and  three  brothers,  so  that,  after  the  legacy  duty 
has  been  paid,  each  child's  share  shall  be  twice  as  great  as 
each  brother's.  The  legacy  duty  on  a  child's  share  being 
one  per  cent.,  and  on  a  brother's  three  per  cent.,  find  what 
each  will  receive  ? 

('197)  Two  persons,  A  and  JB,  meet  to  setile  their  accounts. 
A  has  3:^  years  previously  lent  B  $500  ;  and  J5  has  a  bill  of 
$o00.50  against  A.,  for  which  he  is  to  allow  nine  months'  dis- 
count ;  if  the  interest  in  each  case  is  4  per  cent,  per  annum, 
what  has  B  to  pay  A  ? 

(198)  A  grocer  buys  4  cwt.  3  qr.  14  lb.  of  sugar  at  £1.  16s. 
8d.  per  cwt.  (long  cwt.),  and  sells  it  at  4|(i.  per  lb. ;  how 
much  does  he  gfiin  or  lose  per  cent.  ? 

(199)  If  when  25  per  cent,  is  lost  in  grinding  wheat,  a 
country  has  to  import  10000000  quarters,  but  can  maintain 
itself  on  its  own  produce  if  only  5  per  cent,  be  lost,  find  the 
quantity  of  wheat  grown  in  the  country. 

(200)  A  man  rows  down  a  river  18  miles  in  4  hours  with 
the  stream,  and  returns  in  12  hours  ;  find  the  rate  at  which 
he  rows,  and  the  rate  at  which  the  stream  flows. 


ROl)  SLjwthat 

1  ,1  ^8 

9 


(202)  A  and  B  can  do  a  piece  of  work  in  6  days,  B  and  0 
in  8  days.  A,  B,  and  0  in  4  days.  How  long  would  A  and 
C  take  to  do  it  ?       • 

(203)  If,  by  selHng  an  article  for  $38.25,  8  per  cent,  is  lost, 
what  per  cent,  is  gained  or  lost  by  selling  it  for  $57  ? 

(204)  A  French  metre  contains  39  371  English  inches: 
express  to  three  decimal  places  an   English  mile  in  mc^'es. 

(205)  A  tradesman  marks  his  goods  with  two  prices  :  the 
one  for  ready  money,  the  other  for  6  months'  credit,  the  rate 
of  interest  being  5  per  cent,  per  annum ;  if  the  credit  price 
of  an  article  be  12.05,  what  ought  its  ready-money  price  to 
be '/ 
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(206)  Compound  interest  reckoned  quarterly  at  2%  is  equal 
to  what  interest  reckoned  yearly  ? 

(207)  A  person  liavin<T  $9790  in  the  Toronto  city  6  per 
cent,  bonds  sells  out  at  98^,  and  invests  the  proceeds  in  Bank 
of  Montreal  stock  at  177^,  which  pays  a  dividend  of  12  per 
cent,  per  anunm.  Find  the  change  in  his  income,  broker- 
age in  each  transaction  being  |^%. 

(208)  I  buy  wheat  at  39s.  a  quarter,  and  some  of  a  supe- 
rior quality  at  6s.  per  bushel :  in  what  proportions  must  I 
mix  them,  so  as  to  gain  25  per  cent,  by  selling  the  mixture 
at  57s.  6d.  per  quarter  ? 

(209)  The  weight  of  a  cubic  foot  of  water  being  1000  oz., 
find  the  weight  of  a  rectangular  block  of  gold,  8  inches  in 
length,  2  inches  in  thickness,  and  3  in  breadth  ;  the  weight 
of  a  mass  of  gold  being  19*26  times  the  weight  ol  an  equal 
bulk  of  water. 

(210)  The  content  of  a  cistern  is  the  sum  of  two  cubes 
whose  edges  are  10  inches  and  2  inches,  and  the  area  of  its 
base  is  the  difference  between  two  squares  whose  sides  are 
IJ  and  IS  feet.     Find  its  depth. 


(211)  Find  the  value  of  -857142857  of  £10.  14s.  Id.  accu- 
rately ;  and  show  that  the  error  committed  by  neglecting  all 
decimals  of  an  order  higher  than  the  fifth  is  less  than  ^-^ 
of  a  penny. 

(212)  The  sum  of  S327  is  borrowed  at  the  beginning  of  a 
year  at  interest,  and  after  9  months  have  passed  $400  more 
is  borrowed  at  a  rate  of  interest  double  that  which  the  former 
sum  bears.  At  the  end  of  the  year  the  interest  on  both 
loans  is  $26.35.     What  is  the  rate  of  interest  in  each  case  ? 

(213)  A  dealer  purchases  a  liquid  at  4s.  the  gallon,  and 
dilutes  it  w'.th  so  n:\ucli  water  that,  when  he  sells  the  com- 
pound at  3s.  a  gallon,  he  gains  20  per  cent,  on  his  outlay. 
How  much  water  is  there  in  everv  gallon  of  the  compound 
sold  ? 

(214)  The  discount  on  $566.50  for  9  months  is  $16.50: 
find  the  rate  of  interest. 

(215)  A  moichant  lost  a  cargo  at  sea  which  he  had  in- 
sured ;  the  broker  offered  him  a  sum  of  money  for  his  loss, 
which  the  merchant  refused  as  being  10  per  cent,  below  the 
estimated  value  of  his  loss;  the  broker  then  offered  $379.75 
more  than  he  offered  at  first,  and  the  whole  amount  of  the 
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.second  offer  was  6^  per  cent,  in  excess  of  the  estimated 
value.     What  was  that  value  ? 

(216)  A  man  wishing  to  sell  a  horse,  asked  25  %  more 
than  it  cost ;  he  finally  sold  it  for  15  %  less  than  his  asking 
price,  and  gained  $5.75.  How  much  did  the  horse  cost  and 
what  was  the  asking  price  ? 

(217)  If  15  masons,  working  10  hours  a  day,  can  build  a 
wall  6  ft.  high  an<l  100  yd.  long,  in  6  days,  how  long  will  ifc 
take  7  masons,  working  9  hours  a  day,  to  build  a  wall  9  ft. 
high  and  140  yd.  long? 

(218)  A  bankrupt's  assets  are  $2700,  out  of  which  he  pays 
75  cents  in  the  dollar  on  half  his  debts,  and  60  cents  on  the 
other  half.     What  is  the  amount  of  his  debts? 

(219)  If  a  ship  containing  150  hhd.  of  wine  pays  for  toll 
at  the  Suez  Canal,  the  value  of  2  hhd.,  wanting  $30 ;  and 
another,  containing  240  hhd.,  pays  at  the  same  rate,  the 
value  of  2  hhd.  and  $90  besides  ;  what  is  the  value  of  wine 
per  hhd.  ? 

(220)  A  picture-gallery  consists  of  three  large  rooms ;  the 
first  is  20  yd.  long,  20  yd.  broad,  and  6  yd.  high  ;  the  other 
two  are  20  yd.  long,  20  yd.  broad  and  5  yd.  high.  Sup- 
posing the  walls  to  be  covered  with  pictures,  except  the 
eoors,  which  are  8  ft.  high  and  3  ft.  wide,  and  of  which  each 
room  has  two,  what  will  be  the  number  of  pictures,  the 
average  size  being  8  feet  by  3  feet  ? 


_     3-5  -  1-83         1  3-1  X  -101 

(221)  SimpUfy  ^.^:^  X  ^  ^  ~^:^ 

Q-J  ,Oi' 

(222)  Find  the  square  roots  of  15376-248001  and  gorgg 

(223)  A  general,  after  losing  a  battle,  found  that  he  had 
only  two-thirds  of  his  army  left  fit  for  action  ;  one  ninth  of 
the  army  had  been  wounded,  and  the  remainder,  2000  men, 
killed  or  missing  ;  of  how  many  did  the  army  consist  before 
the  battle  ? 

(224)  A  contractor  sends  in  a  tender  of  $20,000  for  a  cer- 
tain work  ;  a  second  sends  in  a  tender  of  ^19000,  but  stipu- 
lates to  be  paid  $2000  every  three  months  ;  find  the  differ- 
ence between  tenders,  supposing  the  work  in  both  cases  to 
be  finished  in  two  years,  and  money  to  be  worth  7^  per  cent, 
simple  interest- 
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(225)  What  sum  of  money  must  be  left  in  order  that,  after 
a  legacy  duty  of  10  %  has  been  paid,  the  remainder  being 
invested  in  the  Dominion  5  per  cents,  at  91^  may  give  a 
yearly  income  of  |450,  brokerage  at  ^  %. 

(226)  If  two  boys  and  one  man  can  do  a  piece  of  work  in 
4  hours,  and  two  men  and  one  boy  can  do  the  same  in  3 
hours,  find  in  what  times  a  man,  a  boy,  and  a  man  and  a 
boy  together,  respectively,  could  do  the  same. 

(227)  Show  that  the  interest  on  $16840  for  3  months  at 
8  per  cent,  is  equal  to  the  discount  on  $369G  for  15  months 
at  7^  per  cent. 

(228)  A  piece  of  work  has  to  be  finished  in  36  days,  and 
15  men  are  set  to  do  it,  working  9  hours  a  day ;  but  after  24 
days  it  is  found  that  only  three-fifths  of  the  work  is  done  ; 
if  3  additional  men  be  then  pat  on,  how  many  hours  a  day 
will  all  have  to  work  so  as  to  finish  the  task  in  time  ? 

(229)  The  interest  on  a  certain  sum  at  at  simple  interest  is 
$860,  and  the  discount  $340  for  the  same  time  and  rate. 
What  is  the  sum  ? 

(230)  The  breadth  of  a  room  is  twice  its  height  and  half 
its  length,  and  the   contents  are  4096  cubic  feet.     Find  the 

liraensions  of  the  room. 


(231)  If  1  lb.  of  tea  be  worth  50  oranges,  and  70  oranges 
be  worth  84  lemons,  what  is  the  value  of  a  pound  of  tea  when 
a  lemon  is  worth  a  penny  ? 

(232)  At  a  certain  battle  two-thirds  of  the  defeated  army 
ran  away  with  their  arms,  five-sevenths  of  the  remainder 
left  their  arms  on  the  field,  and  of  the  rest  seven-eights  were 
missing,  the  remaining  500  being  either  killed  or  wounded. 
Find  the  whole  number  of  the  army. 

(233)  If  gold  be  at  a  premium  of  20  per  cent.,  and  a  person 
buy  goods  marked  135  dollars,  and  offer  gold  to  the  amount 
C'l  135  dollars,  what  change  ought  he  to  receive  in  notes,  6 
per  cent,  being  abated  lor  ready  payment  ? 

(234)  Show  that  the  difference  between  the  interest  and 
the  discount  on  the  same  sum  for  the  same  time  is  the 
interest  of  the  discount. 

(235)  I  bought  20  lbs.  of  opium  by  Avoir,  wt.  at  55  cts.  per 
oz.,  and  sold  by  Troy  wt.  at  60  cts.  per  oz.  Did  I  gain  or 
lose  and  how  much? 

(236)  By  investing  a  certain  sum  of  money  in  the  6  per 
cents  at  91|  a  man  obtains  an  income  of  $320  ;  what  would 
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lie  obtain  by  investing  an  equal  sum  in  the  5  per  cents  at  80. 

(237)  A  tradesman  makes  a  deduction  of  10  per  cent,  for 
ready  money  on  a  bill  of  $28  due  in  12  months,  receiving 
$25.20.  Find  the  difference  between  this  sum  and  the  pre- 
sent worth  of  the  debt,  reckoning  interest  at  10  per  cent. 

(238)  M  invests  one-third  of  his  property  in  bank  stock, 
one-sixth  in  Consols,  and  the  remainder  in  railway  shares. 
When  he  sells  out  he  makes  a  profit  of  5  per  cent.,  3  per 
cent.,  and  2  per  cent,  respectively  on  the  investments,  and 
realise  .£6190.  Kequired  the  amount  of  his  property 
originally. 

(239)  Mr.  A  sent  $3681  to  his  agent  with  instructions  to 
deduct  his  com.  at  2^%,  and  invest  the  balance  in  flour  at 
$7.50  per  bbl.  If  the  cost  of  freightage  and  insurance 
amounts  to  S119,  at  what  must  the  flour  be  sold-  per  bbl.  so 
as  to  make  a  profit  of  20%  ? 

(240)  How  many  bricks,  9  inches  long,  4^  broad,  and  4 
thick,  will  be  required  for  a  wall  60  feet  long,  20  ft.  high, 
and  4  ft.  thick,  allowing  6^  per  cent,  of  the  space  for  mortar  ? 


(241)  What  is  the  value  of 

•25 of  ,V  of  i-^^2.  °^  ^  guineas? 

~!Z         3 

(242)  A  work  can  be  accomplished  by  A  and  5  in  4  days  ; 
by  A  and  (7  in  6  days  ;  by  B  and  (7  in  8  days.  Find  in  what 
time  it  would  be  accomplished  by  all  working  together. 

(243)  A  man  hired  a  labourer  to  do  a  certain  amount  of 
work,  on  the  agreement  that  for  every  day  he  worked  he 
should  have  11.50,  but  that  for  every  day  he  absented  him- 
self he  should  lose  60  cents.  He  worked  twice  as  many  days 
as  he  absented  himself,  and  received  on  the  whole  #72. 
Find  how  long  he  was  doing  the  work. 

(244)  A  legacy  of  1 146000  is  left  to  three  sons  in  the  pro- 
portion of  ij  I,  and  h  respectively  :  Ihow  much  will  each 
receive  ? 

(245)  If  $10  is  a  proper  discount  off  $210  for  3  months, 
what  should  be  a  proper  discount  off  the  same  sum  for  1 
year? 

(246)  The  price  of  gold  in  this  country  is  ^3.  175.  lO^d. 
an  ounce  ;  find  the  least  number  of  ounces  which  can  be 
coined  into  an  exact  number  of  sovereigns,  and  the  numb'^^r 
of  sovereigns  so  coined. 
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(247)  A  merchant  in  Toronto  instmoted  his  agent  in  Mon- 
treal to  sell  a  consd^Qinent  of  flour  at  $7.50  per  barrel  and 
invest  the  proceeds  in  Montreal  bank  stock  at  174^,  which 
pays  half-Ycariy  dividends  of  7  %.  If  the  mercJiant's  first 
dividend  is  $445.50,  and  commissions  of  1  %  and  i  %  be 
allowed  on  the  transactions,  respectively,  how  many  barrels 
of  flour  were  sold  ? 

(248)  State  the  connection  between  Troy  and  Avoirdupois 
weijihts.  A  ring  weighs  1  dwt.  4  gr.,  andis  wortu  ^1.  2s.  ; 
if  1050  of  such  rings  be  packed  in  a  box  weighing  3^  lb., 
what  would  it  cost  to  convey  them  144  miles  at  the  rate  of 
5s.  per  long  ton  per  mile,  insurance  being  demanded  at  the 
rate  of  ^  per  cent.  ? 

(249)  How  long  will  it  be  before  $2500  put  out  to  com- 
pound interest  at  10  per  cent,  per  annnm  will  obtain 
♦1727.68|  as  interest  ? 

(250)  The  breadth  of  a  room  is  two-thirds  of  its  length  and 
three-halves  of  its  height,  and  the  contents  are  5832  cubic 
feet.    Find  the  dimensions  of  the  room. 


(251)  Multiply  32856  by  121711,  using  3  lines  of  multi- 
plication only. 

.,.«v  o.      ..^  2-8  o^  2-27    .    4-4-2-88       ^  6-8  of  8 

(262)  Simphfy —  +  —. r-r-  of  

^    -  ^    ''        1136  1  •6+2-629  225 

(268)  An  agent  received  $21.70  for  collecting  a  debt  of 
$2480.    What  rate  was  his  commission  ? 

(264)  A  man  sells  out  of  the  U.  S.  6's  5-20  of  85  at  92  J  and 
realizes  $25760.  If  he  invest  the  proceeds  in  Erio  R.  R. 
stock  at  45,  which  pays  a  yearly  dividend  of  3:^%,  what 
alteration  in  his  income  has  ensued,  brokerage  on  each  of 
the  two  transactions  being  ^%  1 

(255)  A  farmer  bought  a  horse  for  a  bill  of  $292,  due  in  1 
month,  and  sold  him  for  a  bill  of  $348,  due  in  4  months. 
What  did  he  gain  per  cent.,  money  being  worth  4$%  ? 

(256)  A  man  and  a  boy  are  to  work  on  alternate  days  at 
a  piece  of  work,  which  would  have  occupied  the  boy  alone 
13  days.  If  the  boy  take  the  first  day,  the  work  will  be 
finished  half  a  day  later  than  if  the  man  conunences.  Find 
how  long  they  would  take  to  do  it  working  together. 

(257)  Two  men  invest  $300  and  $100  in  a  machine  ;  it 
works  5  months  for  each  of  them;  determine  what  one 
must  pay  the  other,  if  they  would  have  mode  30  per  cent, 
on  the  money  by  letting  the  machine. 
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(258)  A  owes  B  $2725,  and  offers  to  pay  him  at  a  certain 
rate  of  disconnt  inHtantly,  instead  of  at  the  end  of  two  years, 
wlien  the  debt  will  be  due.  B  can  place  out  the  money, 
which  he  will  receive,  at  5  per  cent,  interest,  and  by  that 
means  gain  $25  on  the  transaction.  At  what  rate  is  the 
discount  calcalated  ? 

(259)  If  36  men,  working  8  hours  a  day  for  16  days,  can 
dig  a  trench  72  yards  long,  18  wide,  and  12  deep,  in  how 
many  days  will  32  men,  working  12  hours  a  day,  dig  a 
trench  64  yards  long,  27  wide,  and  18  deep  ? 

(260)  A  man  discounts  a  bill  of  £180  drawn  at  4  months 
at  60  per  cent,  per  ann.,  and  insists  on  giving  in  part  pay- 
ment 5  dozen  of  wine,  which  he  charges  at  4  guineas  a 
dozen,  and  a  picture,  which  he  charges  at  £19.  How  much 
ready  money  does  he  pay  ?  If  the  cost  to  the  man  of  the 
wine  and  tbe  picture  be  only  one-fourth  of  the  sum  he  has 
charged  for  them,  what  is  the  real  interest  the  man  has  been 
charged  ? 


(261)  One-tenth  of  a  rod  is  colonred  red,  one-twentieth 
orange,  one-tbirtieth  yellow,  one-fortieth  green,  one-fiftieth 
l>lue,  one-sixtieth  indioro,  and  the  remainder,  which  is  302 
inches  long,  violet,  what  is  the  length  of  the  rod  ? 

(262)  The  discount  on  a  certain  sum  due  9  months 
lience  is  $20,  nud  the  interest  on  tbe  same  sum  for  the  same 
lime  is  $20.75.     Find  the  sum  and  the  rate  of  interest. 

(263)  Two  perpons,  walking  at  the  rate  of  3  and  4  miles 
er  hour  respectively,  set  off  from  the  same  place  in  opposite 

iirections  to  walk  around  a  park,  and  meet  in  10  minutes. 
Find  the  length  of  the  walk  round  the  park. 

(264)  In  a  hundred  yards  race  A  can  give  B  four  and  C 
five  yards  start :  if  B  were  to  race  C,  giving  him  one  yard  in 
a  hundred,  which  would  win  ? 

(265)  A  man  buys  an  article  and  sells  it  again  so  as  to 
gain  5  per  cent.  If  he  had  bought  it  at  5  per  cent,  less,  and 
sold  it  for  81  less,  he  would  have  gained  10  per  cent.  Find 
the  cost  price. 

(266)  If  the  difference  between  the  simple  and  compound 
interest  on  a  sum  of  money  for  two  years  at  6  per  cent,  be 
$:^,  find  the  sum. 

''267)  If  7  per  cent,  be  gained  by  seUing  goods  for  $69.55, 
what  will  be  gained  or  lost  by  fielhng  them  for  $61.75. 
(268)  A  draft  on  Dublin  for  £360  cost  $1,736.10;  what 
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was  the  course  exchange  com.  charged  at  the  rate  of  ^  per 
cent? 

(269)  A  banker,  in  discounting  a  bill  due  in  3  months  at 
6  per  cent.,  charges  016  more  than  the  true  discount.  Find 
the  amount  of  the  bill. 

(270)  A  grocer  mixes  18  pounds  of  coffee  at  80  cents  a, 
pound  with  12  pounds  of  chicory  at  5  cents  a  pound  :  at 
what  price  must  he  sell  the  mixture  to  gain  25  per  cent.  ? 

(271)  The  following  rule  has  been  given  to  divide  by 
3-14159:  "  Multiply  by  7,  divide  by  11,  then  by  2,  and  add 
^th  of  T^^th  of  the  result."  Find  the  error  made  in  obtain- 
ing 1  -i-  3-14159  by  this  process. 

3  +  4 

(272)  Prove  that  a    i    n  is  greater  than  f  and  less  than  f 

(273)  The  estate  of  a  bankrupt  (value  $21000;  is  to  be 
divided  among  four  creditors,  whose  claims  are,  A's  to  B's 
as  2  to  3,  B's  to  Cs  as  4  to  5,  Cs  to  D's  as  6  to  7,  What 
must  each  receive  ? 

(274)  Which  is  the  more  advantages  to  buy  flour  at  $6.50 
on  6  months,  or  #6.30  cash,  money  being  worth  8  %  ? 

(275)  If  $10.50  be  a  person's  income  tax  at  1^  cents  on 
the  dollar,  how  much  on  the  dollar  is  it  when  his  income- 
tax  is  $12.25  ? 

(276)  If  9  tons  7i  cwt.  of  iron  be  sold  for  $1260,  and  the 
gain  on  it  be  20  per  cent.,  what  was  the  cost  per  cent  ? 

(277)  I  send  to  my  agent  in  Montreal  $3060  to  invest  in 
tea  at  75  cents  per  lb. ;  he  deducts  his  commission  of  2  per 
cent.,  and  invested  the  balance.  At  what  must  I  sell  per  lb. 
so  as  to  make  a  clear  profit  of  25  per  cent,  after  paying 
freightage  $30,  and  insurance  at  the  rate  of  ^  per  cent  ? 

(278)  A  banker  borrows  money  at  3.^  per  cent.,  and  pays 
the  interest  at  tee  end  of  the  year ;  he  lends  it  out  at  5  per 
cent.,  but  receive  the  interest  half-yearly,  and  by  this  means 
gains  $200  a  year  ;  how  much  does  he  borrow  ? 

(279)  A  dealer  sends  out  250  lbs.  of  tea  at  80  cents  per  lb. 
and  allows  2^  per  cent  on  the  price  for  the  expense  of  car- 
riage. Supposing  the  whole  amount  of  carriage  to  come  to 
$9.30,  how  much  will  the  customer  have  to  pay  ? 

(280)  A  plate  ol  gold,  3  inches  square  and  one-eighth  of 
an  inch  thick,  is  extended  by  hammering  so  as  to  cover 
gurtace  of  7  yards  square  ;  find  its  proper  thicknesn. 
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(281)  A  man  having  a  flock  of  sheep  sold  8  per  cent,  of 
them  to  ^,  90  to  B,  3|  per  cent,  of  the  remainder  to  0,  and 
29  to  D.     He  then  had  550  left.     How  many  had  he  at  first  ? 

(282)  The  product  of  the  1st  and  2nd  of  three  numbers  is 
176382 ;  of  the  1st  and  3rd  is  279152 ;  of  the  2nd  and  3rd  is 
215496  :  what  are  the  numbers  ? 

(283)  Find  the  rate  of  2  trains  150  ft.  and  180  ft.  long 
respectively  which  pass  each  other  going  the  same  way  in 
15  sees.,  and  going  in  opposite  direction  in  3  sees. 

(284)  By  selling  tea  at  72  cents  a  pound  a  grocer  clears  ^ 
of  his  outlay.  He  then  raised  the  price  to  90  cents.  What 
does  he  clear  per  cent,  by  the  latter  price  ? 

(285)  A  grocer  buys  If  cwt.  of  tea  at  60  cents  per  lb.  and 
2J  cwt.  of  tea  at  50  cents  per  lb.,  and  mixes  them  ;  he  sells 
2^  cwt.  at  55  cents  per  lb. :  at  what  rate  must  he  sell  the 
remainder  to  gain  20  per  cent,  on  his  outlay  ? 

(286)  In  England  gunpowder  is  made  of  75  parts  nitre, 
10  sulphur,  and  15  charcoal ;  in  France  of  77  parts  nitre,  9 
sulphur,  and  14  charcoal :  if  half  a  ton  of  each  be  mixed, 
what  weight  of  nitre,  sulphur,  and  charcoal  will  there  be  in 
the  compound  ? 

(287)  A  ship  40  miles  from  the  shore  springs  a  leak,  which 
admits  3f  tons  of  water  in  12  minutes.  60  tons  would 
suffice  to  sink  her ;  but  the  ship's  pumps  can  throw  out  12 
tons  of  water  in  an  hour.  Find  the  average  rate  of  sailing 
that  she  may  reach  the  shore  just  as  she  begins  to  sink. 

(288)  The  receipts  of  a  railway  company  are  apportioned 
in  the  following  manner :  48  per  cent,  for  the  working  ex- 
penses, 10  per  cent,  on  one-fifth  of  the  capital,  and  the 
remainder,  $32000,  for  division  among  the  holders  of  the 
rest  of  the  stock,  being  a  dividend  at  the  rate  of  4  per  cent.  ; 
find  the  capital  and  the  receipts. 

(289)  If  the  discount  on  a  sum  due  at  the  end  of  2^  years 
je  f  1^  of  the  simple  interest,  at  what  rate  is  that  calculated  ? 

(290)  If  a  crew,  which  can  row  from  A  to  B  in  60  minutes, 
can  row  from  B  to  A  in  55  minutes,  compare  the  rates  of  the 
stream  and  boat. 


(291  Simplify 

(a)2  +  l       ^ 

(b)6i  +  BiXS\-7i 

Ii4-(ljxl44i 
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('292)  If  3  men  and  5  women  do  a  piece  of  work  in  8  days, 
which  2  men  and  7  children  can  do  in  12 ;  find  how  long  lii 
men,  14  children,  and  15  women  working  together  will  take 
J  do  it. 

(293)  A  person  possessing  ^10000,  3  per  cent,  consols, 
sells  out  when  they  are  at  93f ,  and  invests  the  proceeds  in 
4  per  cent,  stock  at  lOlJ :  find  the  change  in  his  income, 
allowing  ^  per  cent,  commission  on  each  transaction. 

(294)  Five  men  do  '6006  of  a  piece  of  wo:k  in  2*12  hours: 
how  long  will  6  boys  take  to  finish  it,  it  being  known  that  3 
men  and  7  boys  have  done  a  similiar  piece  of  work  in  3 
hours  ? 

(295)  A  watch  set  accurately  at  12  o'clock  indicates  10 
minutes  to  5  at  5  o'clock ;  what  is  the  exact  time  when  the 
watch  indicates  5  o'clock  ? 

(296)  A  does  |  of  a  piece  of  work  in  20  days,  and  then 
gets  B  to  help  him.  They  work  together  for  2  days,  when  B 
leaves  and  A  finishes  the  work  in  half  a  day  more.  How 
long  would  B  have  taken  to  do  the  whole  ? 

(297)  The  wages  of  5  men,  3  women,  and  1  child  amount 
to  $34,  a  man  receiving  twice  as  much  as  a  woman,  and  a 
woman  three  times  as  much  as  a  child.  What  will  be  the 
wages  of  6  men,  2  women,  and  5  children  ? 

(298)  If  6  per  cent,  be  gained  by  selling  a  horse  for 
$132.50,  how  much  per  cent,  is  lost  by  selling  him  for  $115  ? 

(299)  A  person  invests  $6825  in  6  per  cent,  stock  at  91  ; 
he  sells  out  $5000  stock  when  it  has  risen  to  9dh,  and  the 
remainder  when  it  has  fallen  to  85.  How  much  does  he 
gain  or  lose  by  the  transaction  ?  If  he  invest  the  produce 
in  M.  B.  S.,  which  pays  a  dividend  of  12  per  cent.,  at  175, 
what  is  the  difference  of  his  income  ? 

(300;  The  flooring  of  a  room,  14  ft.  3  in.  long  by  13  ft.  4 
in,  broad,  is  composed  of  ^  in.  planks,  each  8  in.  wide  and 
10  ft.  long.  How  many  will  be  required  ;  and  what  will  bo 
the  weight  of  the  whole,  if  1  cubic  inch  of  wood  weighs  half 
an  ounce  ? 


120-4947 

(301)  Find  the  square  roots  of  4957 '5681  and  "00:^^ 

(302)  At  what  rate  will    $157.50  amount  to  $189  in  8 
years? 

(303)  Two  bills  for  $273,75  nnd  $456.87^  are  due  on  the 
2nd  and  22nd  July  respectively.    What  is  their  value  on  the 
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12th  July,  interest  being  reckoned  at  the  rate  of  5  per  cent. 
per  annum  ? 

(304)  If  a  cask  contain  3  parts  wine  and  1  part  water, 
how  much  of  the  mixture  must  be  drawn  off  and  water  sub- 
stituted for  the  mixture  in  the  cask  to  become  half  and  half? 

(305)  Tliree  tromps  meet  together  for  a  meal  ;  the  first 
has  5  loaves,  the  second  3,  and  the  third,  who  has  his  share 
of  the  bread,  pays  the  other  two  8  halfpence  ;  how  ought 
they  to  divide  the  money  ? 

(306)  If  the  discount  on  a  bill  due  8  months  hence  at  7^ 
per  cent,  per  annum  be  $48.75,  what  is  the  amount  of  the 
bill? 

(307)  A  began  business  with  a  certain  capital.  The  first 
year  he  gained  20°/°,  which  he  added  to  his  capital ;  the 
second  year  he  gained  37 ^yo,  which  he  also  added  to  his 
capital ;  the  third  year  he  lost  40%,  and  now  found  himself 
$200  worse  than  when  he  began  business.  Find  the  capital 
with  which  he  began. 

(308)  A  man  sells  two  horses  for  $100  each,  and  by  so 
doing  gains  25  per  cent,  on  one  horse  and  loses  25  per  cent, 
on  the  other.  What  did  the  horses  cost  him  ?  Does  he  gain 
or  lose  on  the  whole  ? 

(309)  The  difference  between  the  interest  and  the  discount 
on  a  certain  sum  of  money  for  6  months,  at  4  per  cent.,  is 
$2  :  what  is  that  sum  ? 

(310)  A  cistern  without  a  top  is  27  ft.  long,  22  ft.  wide, 
and  6  ft.  6  in.  deep  :  what  will  it  cost  to  paint  it  inside  and 
out,  at  4^  eents  a  square  yard  ? 


(311).    Simplify 

(a)    3  - divided  by  1  +  ^ 


2  - 

{h)    5i  -  3i 


1  -^  1 


3  + 


4f  -  3i  +  2/j 

(312)  Three-fourths  the  selling  price  of  goods  is  20%  less 
than  cost.  Find  the  gain  per  cent,  at  whicli  the  goods  are 
sold. 

(313)  A  sum  of  money  amounts  in  10  yrs  at  7i%  simple 
interest  to  $787^.  In  how  many  years  will  it  amount  to 
$990. 
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(314)  I  spent  25%  more  than  my  income  in  a  certain 
year  ;  for  each  of  the  next  four  years  I  saved  6|%  of  it  an<S 
then  I  had  found  that  I  had  lived  within  it  and  had  $50 
besides.     What  was  my  income. 

(315)  A  school  rate  of  5  mills  per  dollar  and  a  general 
purpose  rate  of  8  mills  in  the  dollar  produce  a  tax  of  $101.40  ; 
find  the  assessed  value  of  the  property. 

(316)  A  grocer  has  225  lb.  of  tea,  of  which  he  sells  45 
lb.  at  72  cents  per  lb.,  and  only  gains  8  per  cent,  at  tliis 
price.  He  now  raises  the  price  so  as  to  gain  10  per  cent, 
on  the  whole  outlay.     What  is  the  price  when  raised  ? 

(317)  If  I  owe  $2,000,  to  be  paid  in  4  months'  time,  and 
I  pay  $500  now,  what  extension  of  time  ought  to  be  allowed 
me  for  the  payment  of  the  remainder,  reckoning  money  to 
be  worth  8  per  cent,  per  annum  simple  interest  ? 

(318)  A  and  B  run  a  mile  race  :  at  first  A  runs  11  yards 
to  ji5's  10  ;  but  after  A  has  run  half  a  mile  he  tires  and  runs 
f  yards  in  the  time  in  which  he  at  first  ran  11,1^  running 
at  his  original  rate.     Which  wins,  and  by  how  much  ? 

(319)  A  woman  buys  a  certain  number  of  eggs  at  21  a 
shilling,  and  the  same  number  at  19  a  shilling ;  she  mixes 
them  together  and  sells  them  at  20  a  shilling  :  how  much 
does  she  gain  or  lose  per  cent,  by  the  transaction  ? 

(320)  A  room  whose  height  is  11  feet,  and  length  twice 
its  breadth,  takes  143  yards  of  paper  2  feet  wide  for  its  four 
walls  :  how  many  yards  of  gilt  moulding  wiU  be  required  ? 


(321)  Simplify 

M  +  Ui-5n  5  1 

""^  ;i  •        -gl  X(1^X  51)4-1 +1T0- 

6^X3i--f  Xlf+l| 

7 

and  find  their  sum. 

(322)  Simplify  (-006  of  £2.  U.  Sd.-{-8-^5i  of  ^3.  65.)  X  5,\. 

(323)  Two  boys,  A  and  B,  come  into  school  punctually 
by  their  own  watches,  which  are  quite  right  at  9  o'clock  on 
Monday  morning.  A's  watch  gains  two  minutes,  and  B's 
watch  loses  a  minute  and  a  half  every  day :  find  how  much 
later  B  will  be  than  A  at  Friday  afternoon  school,  2  p.m. 

(324)  Two  gangs  of  6  and  9  men  are  set  to  reap  two  fields 
of  35  and  45  acres  respectively.  The  first  gang  works  7 
hours  in  the  day,  and  the  latter  8  liours.  If  the  first  gang 
complete  their  work  in  12  days,  in  how  many  days  will  the 
second  gang  complete  theirs  ? 
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(325)  A  grocer  buys  some  tea  at  48  cents  per  lb.  and  some 
at  66  cents;  in  what  proportion  must  he  mix  them  that 
when  he  sells  at  72  cents  per  lb.  he  may  be  making  a  proht 
of  20  per  cent.  ? 

(326)  A  pays  $3.60  more  tax  than  B,  their  incomes  being 
equal :  living  in  different  towns,  they  are  rated  at  1^  cents 
and  11  cents  in  the  dollar  respectively  :  what  is  A's  income  ? 

(327)  A  bankrupt  can  pay  40  cents  in  the  $  ;  if  his  assets 
were  $500  more  he  could  pay  45  cents.  Find  his  debts  and 
his  assets. 

(328)  If  a  piece  of  work  can  be  done  in  50  days  by  35  men 
working  at  it  together,  and  if,  after  working  at  it  for  12  days, 
16  of  the  men  were  to  leave  the  work  ;  find  the  number  of 
days  in  which  the  remaining  men  could  finish  the  work. 

(329)  Alfred  owed  Robert  two-thirds  of  the  amount  that 
Robert  owed  Charles  ;  and  to  settle  matters,  Robert  gave 
lOd.  to  Alfred,  who  then  paid  Charles :  what  did  Robert  owe 
Charles  ? 

(330)  The  length,  breadth  and  height  of  a  wooden  box  are 
4  ft.,  2^  ft.,  3  ft.  respectively.  Find  the  cost  of  painting  the 
outside  at  Is.  3d.  a  square  yard. 


(831)  SimpHfy 

3^XlA+4,',-3^       3f 

-5a-7i-28^^^+r      4^    "^   ^^^^^^'     ^^^' 
and  find  their  sum. 

(332)  A  man  walks  a  certain  distance,  and  rides  back  in 
3  hours  45  min.:  he  could  ride  both  ways  in  2^  hours.  How 
long  would  it  take  him  to  walk  both  ways  ? 

(333)  I  have  to  be  at  a  certain  place  in  a  certain  time,  and 
I  find  that,  if  I  walk  at  the  rate  of  4  miles  per  hour,  I  shall 
be  five  minutes  too  late,  if  at  the  rate  of  5  miles  per  hour,  I 
shall  be  10  minutes  too  soon.     How  far  have  I  to  go  ? 

(334)  A,  B,  C,  and  D  enter  into  partnership  :  A  and  B 
contribute  $1390,  B  and  C  $1590,  G  and  D  $1810,  A  and  D 
$1610,  A  and  0  $1500  :  they  gain  $1152  :  what  is  the  share 
of  each  ? 

(335)  On  a  stream,  B  is  intermediate  to  ana  equidistant 
from  A  and  C ;  a  boat  can  go  from  A  to  B  and  back  in  5  hr. 
15  min.,  and  from  J.  to  0  in  7  hr.  How  long  would  it 
take  to  from  0  to  ^  ? 

(336)  I  have  a  certain  sum  of  money  wherewith  to  buy  a 
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certain  number  of  nijts,  and  I  find  that  if  I  buy  at  the  rate 
of  40  for  10  cents  I  shall  spend  6  cents  too  much  :  if  at  the 
rate  of  50  for  10  cents,  10  cents  too  little.  How  much 
money  had  I  ? 

(3B7)  If  A  has  $38940  to  invest,  and  can  buy  Toronto 
city  6%  bonds  at  98^,  or  Montreal  Corporation  ConsoHdated 
7%  stock  at  117^,  how  much  will  the  one  transaction  be 
better  than  the  other,  brokerage  being  ^%  ? 

(338)  What  must  be  the  face  of  the  note  for  3  mos.  made 
on  18th  Aug.,  so  that  discounted  at  7h  per  cent,  on  the  day  of 
making  at  the  bank  the  proceeds  may  bo  114815  ? 

(339)  If  in  a  meadow  of  20  acres  the  grass  grows  at  a 
uniform  rate,  and  133  oxen  consume  the  whole  of  the  grass 
on  it  in  13  days,  or  that  28  oxen  5  acres  of  it  in  16  days : 
how  many  oxen  can  eat  up  4  acres  of  tt  in  14  days  ? 

(340)  In  a  constituency,  in  which  each  elector  may  vote 
for  two  candidates,  half  of  the  constituency  vote  for  A,  but 
divide  their  votes  among  J5,  0,  D,  E,  in  the  proportions  of 
4,  3,  2,  1;  of  the  remainder,  half  vote  for  J5,  and  divide 
their  votes  among  (/,  D,  Jil,  in  the  proportions  of  3,  1,  1 ; 
two-thirds  of  the  r  mainder  vote  for  D  and  E,  and  540  do 
not  vote  at  all ;  find  the  order  on  the  poll,  and  the  whole 
number  of  electors. 


•24 
(841;  Simplify  H  of  2^  +  6^ -j- 2^  +    (  5i  +  -- 


-  -64/ 


(342)  Simplify  ^,  ^^  ,' ^  ^^^   x  f  of  igf-^gi 

(343)  When  the  New  ^ork  gold  market  is  at  104J,  what 
would  I  get  for  $2304.50  currency. 

(344)  A  person  invests  $9450  in  5|  per  cent,  stock,  so  as 
to  receive  an  income  of  $787.50 ;  what  was  the  price  of  the 
stock  ? 

(345)  Two  pipes,  A  and  B,  would  fill  a  cistern  in  25  min- 
utes and  30  minutes  respectively.  Both  are  opened  together, 
but  at  the  end  of  8|  minutes  the  second  is  turned  off.  In 
how  many  minutes  will  the  cistern  be  filled  ? 

(346)  A  man  for  5  years  spends  £40  a  year  more  than  his 
income.  If  he,  at  the  end  of  that  time,  reduce  his  expendi- 
ture 10  per  cent.,  in  4  years  he  will  have  paid  off  his  debts 
and  saved  ^120.     Find  his  income. 

(347)  The  sum  of  ^£177  is  to  be  divided  among  16  men,  20 
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women,  and  30  children,  in  such  a  manner  that  a  man  and 
a  child  may  receive  together  as  much  as  two  women,  and  all 
the  women  may  together  receive  ^660  ;  what  will  they  each 
respectively  receive  ? 

(348)  If  8000  metres  be  equai  to  6  miles,  and  if  a  cubic 
fathom  of  water  weigh  six  tons,  and  a  cubic  metre  of  water 
1000  kilogrammes,  find  the  ratio  of  a  kilogramme  to  a  pound 
avoirdupois. 

(849)  A  mixture  of  soda  and  potash,  dissolved  in  2540 
grains  of  water,  took  up  980  grains  of  aqueous  sulphuric 
acid,  and  the  weight  of  the  compound  solution  was  4285 
grains.  Find  how  much  potash  and  how  much  soda  the 
mixture  contained,  assuming  that  aqueous  sulphuric  acid 
unites  with  soda  in  the  proportion  of  49  grains  to  32,  and 
with  potash  in  the  proportion  of  49  to  48. 

(850)  A  room  is  21  ft.  long,  15  ft.  6  ia.  wide,  10  ft.  high  ; 
it  contains  3  windows,  the  recesses  of  which  reach  to  the 
ceiling,  and  are  4  ft.  6  in.  wide  ;  there  are  in  it  4  doors,  each 
6  ft.  6  in.  high  and  3  ft.  3  in.  wide  ;  the  fire-place  is  6  ft.  wide 
and  4  ft.  high ;  a  skirting  1  ft.  8  in.  deep  runs  round  the 
walls ;  find  the  expense  of  papering  the  room  at  5  cents.  A 
square  yard. 


ANSWERS 

Ex.  (i),    p.  5. 

(1)  Seven ;  thirteen  ;  forty^ve  ;  fifty-nine  ;  three  hundred 
and  tweiity-six  ;  four  thousand,  five  hundred  and  seventy- 
eight. 

(2)  Ninety  ;  one  hundred  and  ten ;  two  hundred  and 
seven  ;  four  thousand,  three  hundred  ;  four  thousand  and 
thirty-six  ;  four  thousand,  three  hundred  and  six. 

(3)  Seven  hundred  and  eighty;  six  hundred  and  nine; 
five  thousand,  three  hundred  and  sixty  ;  two  thousand  and 
twenty  ;  one  thousand,  one  hundred  and  one. 

(4)  Thirty-six  thousand,  four  hundred  and  ninety-seven; 
forty-nine  thousand,  five  hundred  and  thirty-two  ;  six 
hundred  and  fifty-four  thousand,  three  hundred  and  twenty- 
one;  seven  hundred  and  forty-three  thousand,  two  hundred 
and  sixty-nine. 

(5)  Forty-five  thousand;  thirty-two  thousand,  six  hundred; 
seventy-five  thousand,  two  hundred  and  thirty ;  five  hundred 
thousand. 

(6)  Eight  millions,  five  hundred  and  seventy-two  thousand, 
nine  hundred  and  fourteen  ;  three  milhons,  four  hundred 
and  sixty-nine  thousand,  two  hundred  and  eighteen  ;  four 
millions,  six  hundred  and  twenty-nine  thousand,  eight 
hundred  and  seventeen. 

(7)  Nine  millions  ;  twenty-nine  millions  ;  seven  hundred 
and  fifteen  millions. 

(8)  Nine  hundred  and  ten  millions,  three  hundred  and 
seven  thousand,  two  hundred  and  forty ;  tliree  hundred  and 
seven  milhons,  four  thousand  two  hnndred  and  five ;  three 
hundred  and  eighty  millions,  five  hundred  and  three  thousand 
and  forty. 

(9)  Two  hundred  and  forty-three  billions,  seven  hundred 
and  fifty-nine  millions,  two  hundred  and  sixty-eight  thou- 
sand, three  hundred  and  forty-two  ;  three  hundred  and  seven 
billions,  four  hundred  and  five  millions,  six  thousand,  two 
hundred  and  seventy. 

(10)  Four  hundred  and  seventeen  trillions,  two  hundred 
and  thirty-five  billions,  six  hundred  and  eighty-two  milhons, 
seven  hundred  and  nineteen  thousand,  four  hundred  and 
tliirty-five  ;  two  hundred  and  three  trillions,  fifty-six  bilhons, 
three  hundred  millions,  seventy-two  thousand  and  ten. 
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Ex.  (ii),  p.  6. 

(1)  9;  12;  17;  19;  13;  16;  11. 

(2)  23  ;  27  ;  35  ;  38  ;  44  ;  40  ;  26  ;  34. 

(3)  67  ;  75  ;  62  ;  83  ;  74  ;  92  ;  68  ;  95. 

(4)  76  ;  22  ;  50  ;  15  ;  28  ;  61 ;  49  ;  18  ;  90  ;  73. 

(5)  107  ;  130  ;  246  ;  372  ;  608  ;  740  ;  990. 

(6)  836  ;  747  ;  410  ;  913  ;  750  ;  384. 

(7)  818;  808;  206;  480;  512;  787. 

(8)  7845;  9637;  12000;  8400;  6003;  85040. 

(9)  5470;  3650;  8780;  1247;  4808. 

(10)  6004  ;  7022  ;  3500  ;  9047  ;  2017  ;  19402. 

(11)  70007;  60060;  14014;  70017;  12303;  16005. 

(12)  356728 ;  640842  ;  900000  ;  800040. 

(13)  7OCO00O  ;  4576865  ;  75806940. 

(14)  315000000 ;  5040000 ;  8000700 ;  18000020 ;  700000002. 
(is)  315674018003;  35600000520. 

(16)  7000000000;  5800000600047;  8000000043007. 

(17)  305005004006003;  .^'3000053053. 

(18)  9000000000009;  90000000000900;  19000000019000; 

1000001001101. 

Ex.  (iii)  p.  9. 


(1)  Twenty-seven.       (2)    Forty-nine.       (3)     Sixty-eight. 

(4)  Seventy-three.       (5)     Ninety-two. 

(6)  One  hundred  and  forty-four. 

(7)  One  hundred  and  sixty-three. 

(8)  One  hundred  and  ninety-nine. 

(9)  Six  hundred  and  sixty-four. 

(10)  One  thousand  eight  hundred  and  seventy-two. 
2. 

(1)  XXXVII.  (2)    LIX.  (3)    LXII. 

(4)  LXXXVII.         (5)     XCV.  (6)     CXXXIX. 

(7)  CXLV.     ■  (8)    CLXXIX.    (9)    DCCCXLVI. 

(10)  MDCCLXIII. 

Ex.  (iv),  p.  10. 

(1)  11;  16;  20;  26.  (2)  98.        (3)  67. 

(4)  60.  (5)  1409.      (6)  949. 

0)  738.  (8)  4971.      (9)  23406. 

(10)  74338.        (11)  200^^     (12)  3310.^ 

03)  1671.         (14)  880.  '  (15)  28493. 

(16)  33633.        (17)  28206.     (18)  18526. 

(m  208.  (20)  1103.     (21)  9289. 

(22)  12932.         (23)  106384.    (24)  59223. 
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25)  284271. 

28)  1843088. 

81)  3782272. 

34)  50333150. 

37)  112251. 

40)  227656697. 


(4) 
(7) 
(10) 
(13j 
(16) 
(19) 
(22) 
(26) 
(28) 
(31) 
(34) 
(37) 
(40) 
(43) 


0) 

(4; 

(7) 
(10) 

(11) 
(12) 


7. 

29. 

35. 

66. 

3808. 

6222. 

2779. 

381. 

2042. 

51195. 

18467. 

1. 

9999998999. 

610. 

619. 


(26)  1450741. 

(29)  1979628. 

(32)  34769U8. 

(35)  20826857. 

(38)  764368. 


Ex.  (v),  p.  14. 

(2)  8 

(5)  34. 

(8)  29. 

(11)  509. 

(14)  2112. 

(17)  61471. 

(20)  28828. 

(23^  46. 

(26)  6457. 

(29)  10999. 

(32)  60023. 

(35)  999000. 

(38)  8. 

(41)  593. 


(27)  680077891, 

(30)  1184946. 

(33)  799819. 

(36)  14621293. 

(39)  1825947. 


(3)  19. 

(6)  54. 

(9)  45. 

(12)  82. 

(15)  4228. 

(18)  108. 

(21)  2761. 

(24)  32. 

(27)  5780. 

(30)  1096. 

(33)  13378402. 

(36)  99900000. 

(39)  26. 

(42)  159. 


Ex.  (y\),  p.  la 

45.        (2)  304.         (3)  490. 

870.        (5)  684.         (6)  86J. 

9273.       (8)  11364.   (9)  50;  75:  175;  225 

635;  1016;  1270;  1397;  2540;  8890. 

9868 ;  14802  ;  27137  ;  29604  ;  1233500 ;  17269000. 

336861 ;  411719  ;  449148  ;  1871450000  ; 

2994320000000. 


(1)  345. 

(4)  1820. 

(7  8815. 

(10)  1546992. 


(1)  173432. 

(4;  372302. 

(7)  39342154. 

(10)  152847420. 

(12j  348087421500. 

(14)  3340400440. 


Ex.  (vii),  p.  19. 

(2)  1073. 

(5)  3000. 

(8)  30086. 

(11)  7417784. 

Ex.  (viii),  p.  20. 

j;^)  123904. 
'75)  2274048. 
(8)  61212122. 


(11)  58376823609. 
(13)  38871923744. 
(15)  295990965442. 


(3)  1620. 

(6)  13734, 

(9)  93940. 

(12)  579826952. 


(3)  409354. 
(6)  26()7640. 
(9)  319766614 
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(J6)  6094350127G3918. 

(18)  703004503. 

(20)  3454309838. 

(22)  61110346167. 

(24)  24259354428. 

(26)  13575555747. 


(17) 
(19) 

(2i; 

(23) 
(25) 

m 


13426705851000. 

3590386740. 

4930038124. 

1407009621. 

248155914760. 

249493596792. 


^1)  6840. 


(1)  225. 

(4)  3249. 

(7)  7569. 

(10)  56169. 

(13)  622521. 

(16)  15625. 

(19)  804357. 


Ex.  (ix).  p.  21. 
(2)  1909680.    (2) 
Ex.  (x)  p.  21. 

(1)  576. 

(5)  4761. 

(8)  10000. 

(11)  390625. 

(14)  1331. 

(17)  103823. 

(20)  1000000. 


1121111043844001). 


(3)  1600. 

(6)  5184. 

(9)  12998. 

(12)  804609. 

(15)  2197. 

(18)  314432. 

(21)  16974593. 


(22)  45118016.  (23)  156590819.   (24)  34891 3604 
(25)  961504803. 


Ex.  (xi),  p.  24. 


(1)3. 
(5)  14. 

(9)  108. 
(13)  56285. 
(17)  2104. 
(21)  56169. 
(25)  317649. 
(29)  3469805. 
(32)  5642300741. 
(35)  300071. 


(2)  3. 
(6)  14. 

flO)  13. 

(14)  241248. 

(18)  17553. 

(22)  5678094 

(26)  391525. 

(30)  68274625. 
(33)  8462974231 
(36)  29970. 


(3)  12, 

(7)  24. 
(11)  528. 
(15)  458097. 
(19)  24000729 
(23)  4348432. 
(27)  39876548 


(4)  11. 

(8)  103. 

(12)  1032. 

(16)  7589523. 

(20)  2019. 

(24)  5072, 

(28  j  30207. 
(31)  472304074. 
(34)  90807. 


Ex.  (xii),  p.  25. 

(1)  3426.      (2)  6487.      (3)  64008924. 

Ex.  (xiii),  p.  20. 

(1)  3826.        (2)  241987.     (3)  2162558. 
(4)  1749864.      (5)  1243904.     (6)  500603. 
(7)  79267440.     (8)  396547.     (9)  659372. 
(10)  444513674545.  (11)  6947544611.  (12)  8007490200467. 

(13)  2131962,  1421308,  1065981. 

(14)  310218774,  206812516,  155109387. 

(15)  13770459132,  9180306088,  6885229566. 

(16)  9036784,  6816116,  6169880. 
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(17)  196350840,  122719275,  109083800. 

(18)  46913400,  29320850,  26063000. 

(19)  1138764,  724668,  664279. 

(20)  4224924,  2688588,  2464539. 

(21)  962341116,  612398892,  561365651. 

Ex.  (xv),  p.  28. 

(1)  3,9.       (2)  2,3,4,8,9, 

(4)  2,  3,  5,  10.   (5)  2,  3,  4,  8,  9. 

(7)  2,4,8.     (8)  5. 

(10)  2,  3,  4,  5,  8,  9.     (11)  2,  11. 


(3)  8,  5,  9.  11, 
(6)  3,  5,  9. 
(9)  2,3,4. 


Ex.  (xvi),  p.  29. 

(1)  2,  3,  3.     (2)  2,  2,  2,  3.  (3)  3,  3,  8. 

(4)  2,  2,  2,  2,  2.  (5)  2,  2,  3,  3.  (6)  3,  13. 

(7)  2,  3,  7.     (8)  3,  17.  (9)  2,  3,  3,  8; 

(10)  3,19.      (11)  2,2,3,3,  (12)  5,17. 

(13)  7,  13.     (14)  3,  3,  11.  (15)  2,  2,  5,  5. 

(16)  3,  5,  7.    (17)  2,  2,  3,  3,  3.  (18)  2,  2,  2,  2,  7. 


(19)  2,  2,  3,  11.        (20) 
(21)  2,  2,  2,  2,  2,  3,  3.    (22) 

3,  5,  5,  7.  (24) 

o,  o,  o,  o,  o,  o. 

2,  2,  2,  2,  3,  3,  3,  3. 


(23) 
(25) 
(27) 
(29) 


2,  2,  2,  2,  11. 
2,  2,  2,  2,  3,  3,  3. 

O,  0,  O,  t). 

(26)  3,  3,  3,  37. 


2,  2,  2,  2,  2,  2,  2,  3,  3,  5. 


(28)  2,  2,  2,  2,  2,  5,  11. 


(1)  4858. 

(4)  305892. 

(7)  8104199. 

(10)  4342356. 


(1)  2472. 

(4)  42370218. 

(7)  74232657. 

(10)  436876. 

(13j  37296. 


Ex.  (xvii),  p.  29. 

(2)  9306. 

(5)  420077. 

(8)  11976096. 

(11)  48482280. 

Ex.  (xviii),  p.  30. 

(2)  452736. 

(5)  8642934. 

(8)  14287262. 

(11)  3781076. 


(3)  147474. 

(6)  1594432. 

(8)  32661000. 

(12)  10138680000. 


(3)  41798032. 

(6)  42765328. 

(9)  204074. 

(12)  784978. 


Ex.  (tax),  p.  31. 


(1>    94,  rem.  14.  (2) 

(o)  18573,  rem.  17.  (4) 

(5)  105531,  rem.  35.  (6) 

(7)    849,  rem.  20.  (8) 

(9)  11447,  rem.  72.  (10) 

(11)  10005,  rem.  8509.  (12) 


11360,  rem.  36. 

878,  rem.  22. 

844380,  rem.  85. 

2392,  rem.  134. 
965316,  rem.  718. 
100U0821,  rem.  1812. 
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Ex.  (XX),  p. 

32. 

(1) 

276,  rem. 

13.     (2) 

36724,  rem. 

11. 

(3) 

2378,  rem. 

9.      (4) 

20174,  rem. 

18. 

(5) 

28998,  rem. 

22.     (6) 

21074998,  rem. 

25. 

(7) 

85G29,  rem. 

23.     (8) 

246925,  rem. 

21. 

(9) 

7429,  rem. 

7.     (10) 

129295,  rem. 

33. 

(11) 

2987685,  rem. 

19.     (12) 

4236,  rem. 

57. 

(13) 

423,  rem. 

72.     (14) 

504,  rem. 

123. 

(15) 

5687,  rem. 

.207. 

Ex.   (xxi),  p.  33. 
(1)     1.  (2)     472369.  (3)     624.  (4)     3012. 

Examination  Papers.     (Page  40.) 

(I.) 

(1)  Fourmillions,  two  huudi-ed  and  thirty-seven  thousand, 
four  hundred  and  ninety  six ;  653812. 

(2)  196181.  (3)  7829. 

(4)  4253111;  15362894.   (5)  935977;  7429. 

(n.) 

(1)  25257630  ;  four  hundred  and  two  milHons,  fifty  thou- 
sand four  hundred  and  seven. 

(2)  16992009.  (3)  26438313;  99914800. 
(4)  338091,  rem.  53.  (5)  1175427  ;  130603. 

(III.) 

(1)  Ten  bilHons,  ten  milHons,  two  hundred  and  one  thou- 
sand, four  hundred  and  one ;  1023001  ;  10011224402  ; 
2046002. 

(2)  1546478344  ;  157791881 6.     (3)     2237069,  rem.  11. 

(4)  31405999.  (5)  5226,  rem.  33. 

(IV.) 

(1)     1888.  (2)     7482229,  rem.  93. 

(3)  2,  2,  2,  7  ;  2,  3,  13  ;  2,  3,  19.     (4)     12000590. 

(5)  999899. 

(V.) 
(1)     65299476,  rem.  5346.       (2)     83652792964. 
(3;     2,  2,  2,  5  ;  2,  3,  3,  5 ;  2,  3,  3,  7. 
(4(    xxiv;  xlvii;  clxxviii.        (5)     12000. 


auu 

ANS^^RS 

• 

(YI.) 

(1) 
(3) 
(5) 

619161890. 

7283. 

7684  and  978 

(2) 
(4) 

(VII.) 

8670344882024. 
$14541. 

(1) 
(8) 
(5) 

$269.             (2) 
252.              (4j 
$13300,  $11900,  $10500. 

72  days. 
296237. 

(VIII.) 

(1) 
(3) 
(5) 

7000. 

31239. 

$30. 

(2) 
(4) 

(IX). 

4501bs. 
$232. 

2) 
4) 

9999000026. 
11796  steps. 

(3) 
(5) 

(X.) 

$37569. 
$21000;  $5400. 

(2) 
Quot, 

170680900742874252.  (3) 
786543.            (5) 
432. 

2796219. 

Rem,  12  ;  Divisor,  72 : 

Ex.  (xxii),  p 

.44. 

(1)  2 

(6)  7 

(2)  6. 
(7)  8. 

(3)  20. 
(8)  16. 

Ex.  (xxiii),  p 

(4)  18.    (5) 
(9)  16.   (10) 

.45. 

48. 
3. 

(1)  48 
(6)  36 

(2)  32. 
f7)  936. 

C3)  3. 
(8)  355. 

Ex.  (xxiv),  p 

(4)  8.     (5) 
(9)  23.   (10) 

.46. 

3453. 
2345. 

(1)  4. 

(2)2. 

(8)  78.    (4) 

Ex.  (ixv),  p, 

29.    (5)  41, 

.47. 

(6)  37. 

(1)  54.       {'M 
(5)  17000.     6) 
(9)  31759. 

2376.     (3)  2532.     (4) 
85800.     (7)  23400.    (8) 

9555. 
16128. 

Ex.  ^t;i*:),  p 

.49. 

(1)  860.      (^) 
(5)  86036     (6) 
(9)  27720.    aoi 

1320.     (3)  288.      (4) 
27324.     T)  a570.  .    (8) 
228150. 

5040. 
2340. 

ANSWERS. 
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Examination  Papers. 

(Page  49). 

(I-) 

(1) 

(4) 

3327             (2) 
7-                   (5) 

35  times.             (3) 
84,  36  and  132. 

44496  rails. 

(n.) 

(2)  Bags  of  1,  2,  or  3  bu.  eacli  ;  bins  of  300,  150,  or  200 
bu.     After  bins  insert  holding  an  exact  number  of  bushels. 

(3)  $1650.  (4)     eOiiiin.  (5)     982832. 

(in.) 

(1)  1,  2,  3,  4,  5,  6,  8,  9,  10,  12,  15,  18,  20,  24,  25,  30,  36, 
40,  45,  50,  60,  72,  75,  90,  100,  120,  150,  180,  200,  225,  300, 
360,  450,  600,  9u0,  1800. 

(2)  29. 

(3)  3391  and  2699  are  prime ;  14787  and  1477  are  com- 
posite. 

300  mi.  ;  B,  240  mi.  ;  C,  180  mi. 


(4)  60  hours  ;  A, 
(5).  40  grains. 


(2) 
(5) 


/2) 
(5) 


(1) 
(6) 


208, 

24  firkins. 


60.         (3) 
3366000. 


(8) 


(IV.) 
9^  mi. 


3  and  6.         (4) 


(4)     70560. 


44  times  ;  9284  trees. 


3 
TIT 

7 


(2) 
(7) 


Ex.  (xxvii),  p.  51. 
/t  (3)     i  "       (4) 

i*  (8)  AV        (9) 


JL 

3 
2  1  1 


(5)     I 
(10)  li 


20 


408 
TIT' 


Ex.  (xxviii),  p.  55. 

(2)  ihihii     (3) 

(5) 

¥^'    9XJ'   ¥17'   TJTF  \')      fCTSiy'  To¥D' 

Ex.  (xxix),  p.  56. 
The  fractions  are  arranged  in  desceyiding  order. 

(1)  I'A'^      (2)  hhn      (3)  H'tVH 


(1) 

(4) 
(G) 


24      16      14 

100      166        5  1  38 

^TTT'    5TTr»  TTTT'  ^477 

3  0       .^i       16       2  5  iTj\        _3_2  4_        20  0 


231  220  210 
TB'3^»  ^^:5»  385 
630  364  45  6 
7T4'  TIT'  TT4- 
84  33 
On7»  TX»^XF 


(A\     ^      11   3 

\V  Tir»  Ti7»  Txy 


(5) 


73 »  T3^' 


1 1 

37 


(6) 


5 
7T' 


/t.A 
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Ex.  (xxx),  p.  56. 

(1) 

^§ 

(2)     U         (3)     U 

(4) 

(6) 

3  I 

(7)  Uli      (8)  ^11^ 

Ex.  (xxxi),  p.  57. 

(9) 

(1) 

^ 

(2)  t's^         (3)  T^ 

(4) 

5  8  /K\       1  5 « 

^^  W j       16  6 

2  2  rj  1 


(5)   vl 


7  off 


(6)  ^A        (7)  T^^W      (8)  ?k  (9)  ItiS 

Ex.  (xxxii),  p.  59. 

(1)     A         (2)     ^f" 
(6)  r¥T&      (7)  iti^ 


4        (3)     1          (4) 

tW 

(5)     A 

:^          (8)   ^\\          (9) 

/A 

Ex.  (xxxiii),p.  60. 

(3)     fV         (4) 

1  2 
"2^ 

(5)    1 

(8)     i           (9) 

20 

(1)     I  (2)     f 

(6)     II         (7)     If 

Ex.  (xxxiv),  p.  61. 

(1)  V      (2)  HF      (3)  H¥       (4)  Hlii^ 

(5)  42^V        (6)  S^Wtt  (7)  31j;Vt  (8)    9284* 

Ex.  (xxxv),  p.  62. 

(1)     1^^^         (2)     1|  (3)     1||6|  (4)     65* 

(5)     43J  (6)     178*       (7)     5^  (8)     12^YA 

(9)     S8^%        (10)     2_s^      (11)     84J  (12)     ||3 

Ex.  (xxxvi),  p.  63. 
(1)     273  (2)     744         (3)     718^  (4)     ^| 

(5)     U  (6)     4  (7)     23  (8)     26. 

Ex.  (xxxvii),  p.  64. 

(1)     A  (2)     tU  :3)     A  (4)     ^Ao 

(5)     31  (6)     1421  (7)     8350^       (8)     06. 

Ex.  (xxxviii),  p.  67. 

(1)     h\  (2)     i^Vff  (3)     if  (4)     iff 

(5)     l^  (6)     If  (7)     M  (8)     l/j 

(9)     2M  (10)     « 
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Ex.  (xxxix),  p.  68. 

(1) 

i} 

(2) 

A        (3)   lA 

(4)     i 

(5) 

637 

(6) 

^       (7)  ffl 

(8)     20|o4 

(9) 

iiVV 

(10) 

Ex.  (xl),  p.  68. 

(12)    i 

(1) 

m 

(2)     h^.U 

(3)     i,  6| 

(4) 

ih^ 

',3. 

(5)     4^ 

(6)     11^,20. 

(7) 

^k^i 

(8)     3. 

(9)  n 

(10) 

3. 

(11)     10|*|. 

(12)  H,  n 

(13) 

1,/t 

(14)  uhn 

(15)     1,| 

(16) 

5,18. 

(17)     66. 

(18)     14i*A 

(19) 

1^ 

(20)     1. 

(21)     i 

(22) 

226 
5¥^ 

(23)    2. 

Examination  Papers.     (P 

age  71.) 

(I.) 

(2) 

$49i. 

(3) 

6^2^.     (4)     $13860. 
(H.) 

(5)    3f^andf^. 

(2) 

liH, 

7 

A-      (3)      tWo- 

(5)      Ship,    $24000; 

Cargo,  $36000 

(HI). 

(2) 

$181. 

(4) 

Tli*T7-      (5)      A.  20 

(IV.) 

;B,48;C,84. 

(2) 

U 

(3)    I 

54tt-     (4j   Horse,  $120  ;  Carriage,  $105 ; 

Harness,  $25. 

(5) 

A,  $4334  ;  B,  $1474  ;  C,  $3080. 

(V.) 

(2) 

3||. 

C3) 

$2015  ;  465  sheep  ;  < 

390  calves  ;  806  pigs. 

(4)     $180.     (5)     18  ft. 

(VL) 

(2)     A»A»iV     (3)     1.     (4)     $40.     (5)     Aft. 

(VII.) 

(2)     $1333^;    A-  (3)     1000000. 

(4)    30  min ;  A,  6  times ;  B,  5  times ;  C,  4  times.     (5) 

A5.-p)5./~il0.-nl5 
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(VIIL) 

(2)    i;A-  (3)    36.      (4)    30    min. ;  4500  roc{8 ; 

3600  rods  ;  3000  rods.   (5)     252. 


Ex.  (xli),  p.  76. 
(2)     i  (3)     f 


(4)     I 


T^a^dW       (6)     ToUTm       (7)     V 
125001    no)      1  0  0  0  0  1    (11)      -9 

2500  1000 


(8)       2i)8  4  7 
'  200 


(3)     -0012. 
(6)     8741-2062. 


(1) 

(5) 

(^)     Hi^  ^1^)     -ro^  (11)     "9  (12)     -37. 

(13)  -4579.      (14)     -003.         (15)     172-95.    (16)     -0000059. 
(17)     -025679.  (18)     3-25793.  (19)     -0019. 

Ex.  (xlii),  p.  78. 

(1)     -7.  (2)     -2464. 

(4)  758-279832.     (5)     385-260863. 

(7)  6964-72672.     (8)     970-17047. 

Ex.  (xliii),  p.  79. 

(1)     51-211.  (2)     1-543.  (3)     48-2293.         (4)     -001 

(5)  -0607.  (6)     579-1274.    (7)     -0000014. 

(8)  -004385.       (9)     9-9998.      (10)     -00101. 

Ex.  (xliv),  p.  81. 

(1)  35-25.  (2)     18-9326.  (3)     -100345. 

(4)  -00041588.         (5)     12-08980482.         (6)     -9. 

(7)  14977-92625425.  (8)     "0000465131. 

(9)  -057740898828045.  (10)     203-175662750726562. 
(11)  -00984126.       .     (12)     1-01.  (13)     -00031304. 

(14)  -15205806.  (15)     -1009981674.     (16)     20-570824. 
(17)  150-0625. 

Ex.    (xlv),  p,  85. 


(2)     14400. 


(1)  12. 

(4)  12700.  (5)  43-078. 

(7)  430.  (8)  147. 

(10)  98-476.  (11)  -0065839. 

(13)  -0000771039.  (14)  299846000. 

(16)  2469300000.  (17)  3596. 

(19)  1290.  (20)  3-59. 

(22)  76.371.  (23)  905741000. 


(1)     23.28125. 
(4)     83J35-448... 


Ex.  (xlvi),  p.  87. 

(2)     1-119296876. 
(5)     -00192. 


(3)  -0013. 

(6)  10000. 

(9)  -0000002004. 

(12)  876540000. 

(15)  -20162. 

(18)  -00000029. 

(21)  457-61. 


(3)     8-4608. 
(6)     -0001736. 
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(1) 

(4) 

(7) 

(10) 

26^654875.            2)     -0010902475. 
•00001614.            5)     175.03099876. 
154468-75.           (8)     25000000. 
•0000005005005. 

(3) 
(6) 
(9) 

14498-8. 

•0000926. 

•00001. 

Ex.  (xlviii),  p.  88. 

(4) 

18478-260. 
8658146-964. 

(2)     -249. 
(5)     -095. 

3) 
6) 

•092. 
32714^285. 

Ex.  (xHx),p.92. 

(1) 
(5) 
(9) 

•35.             (2) 
•ooi.         (6) 
•01236.     (10) 

•44.             (3)     •857142. 
•02439.       (7)     •523809. 
2.345. 

(4)     •01. 
(8)     •216. 

Ex.  (1),  p  95. 

(1) 

(4) 

(7) 

(10) 

•09484. 
235-104. 
•0374. 
•928. 

(2)     -002521. 
(5)     26-38702. 
(8)     426-104. 

Ex.  (li),  p.  96. 

(3) 
(6) 
(9) 

165^6995. 

1^611. 

170-3367. 

(1) 
(5) 

1 

(2) 

(6) 

A                    (3)      T^T 

tWt         (7)    TTfrr 
(Ex.  fJiiK  p.  97. 

( 

1 

[4)     AVr 
(8)      TlixT 

(1) 

(6) 

(2) 
(6) 

Uil           (3)     4|f 
7|«         (7)     2i^^ 

(4)    A\U 

Ex.  (liii),  p.  99. 

(1) 

15-8436. 

(2)     20-51662025. 

(8) 

1-778005*2. 

(4) 

(7) 

-02067249 

310 

1 

(5)     20f^f 
(8)    -ri-T   . 

(6) 

3  9  60 

Eocamination  Papers.    CPage  99.) 

^ 

(3) 

l8t.         (4) 

(I.) 
263  times  ;  \.       (5)  -0000012  and  -0000013. 

(1)   TT!?'   1100 

(4)  V 

(II.) 
»  UtS'  -iifs        (2)  814.90. 
(5)  -7142. 

(3)  3^715. 

806 
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(2)  $816f. 


(III.) 

(3)  18 ;  $3000. 
(IV.) 


(4)  $232|.      (6) 


15200 
^2009 


(2)  $21.60.  (3)  426.  (4)  4000004-00000010000090007; 
Seventy-four  millions,  three  hundred  and  six,  and  sixty 
millions  and  seven  trillionths.  (6)  82:^  yd. 


(V.) 

T5ti  4  0  0  (3)     10*5  miles.  \-*j    xu  ^fy 

(6)    ^,  $192.28^ ;  5,  $145.63^ ;  0,  $110.94^. 


(2)      -3937  1 


(4)    18^^ 


(3)     $34^. 


(1)  14. 

(o)  297. 

(9)  440. 

(13)  23456. 

(17)  6678. 


(1)  4-1. 
(6)  .26- 
(9)     210-76. 


(1)    4-4721. 
(5)     -4110. 
(9)     4-0306. 


6 
T 


(1) 

(5) 

(9) 
(13)     -7905. 
(17)    8-7649. 


(1)  16. 
(6)  85. 
(9)     85. 


(VI.) 
(4)     8-141692. 
Ex.   (Iv),  p.  105. 


(2)    23. 
(6)    345. 


(3)  32. 

(7)  327. 

(10)    835.        (11)  6031. 

(14)     72500.     (16)  2031. 
(18)     437962. 


(5)    -00097061. 


(4)  75. 

(8)  867. 

(12)  4698. 

(16)  739000. 


Ex.  (Ivi),  p.  106. 


(2)     16-79. 
(6)     -027. 
(10)     137-65. 


(3)     -95.  (4)    -61. 

(7)     131-31      (8)     1-001. 


Ex.  (lvii),p.  107. 


(2)     5-4772. 
(6)     -1264. 
(10)     -9999. 


(3)     -9486.        (4)     -3478. 

(7)     -0252.        (8)     -0347. 

(11)     -5026.      (12)    6-4833. 


Ex.  (Iviii),  p.  108. 


(2)  A  (3)  U 

(6)  2i  (7)  2| 

(10)  6i  (11)  4| 

(14)  -6454.  (15)  2-6298.  (16)     3-0822. 


(4)     li 

(8)  in 

(12)     3f 


Ex.  (Ux),p.  110. 

(2)     82.              (3)     42.  (4)  79. 

(6)     64.              (7)     34:  (8)  73. 

(10)     99.            (11)    39.  (12)  63. 
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Ex.  (lx),p.  112. 


307 


(1)  245.  (2)  631.  (3)  307.  (4)  670. 

(5)  128.  (6)  179.  (7)  463.  (8)  103. 

(9)  256.  (10)  679.  (11)  4  58.  (12)  507. 

(13)  686.  (14)  708.  (15)  888.  (16)  612. 

(17)  4968.  (18)  8765. 

Ex.  (Ixi),  p.  113. 

(1)  .73.  (2)  -364.  (3)  30-02.  (4)  ^ 

(5)  4  (6)  ^  (7)  7|  (8)  1-709. 

(9)  8-320.  (10)  -495.  (11)  2-516.  (12)  '822. 

(13)  -908.  (14)  -693.  (15)  1-966.  (16)  1-473. 

Ex.  (Ixii),  p.  113. 

1)  27.       (2)  45.      (3)  6-3.    (4)  13. 
i6)  54.       (6)  8  1. 

Ex.  (Ixiii),  p.  117. 

(1)  13  ;  30  ;  36  ;  47.        (2)  108  ;  270  ;  615  ;  845. 
(3)  3456  ;  4800  ;  2762  ;  16535.  (4)  72  ;  58  ;  94  ;  105  ;  163. 
(5)  960  ;  1228  ;  4253  ;  14087.  (6)  41880  ;  103870  ;  305973. 

Ex.  (Ixiv),  p.  118. 

(1)  Uld.  (2)  AS^d.  (3)  49ic«. 

(4)  75.  5jd.      (5)  95.  llfi.      (6)  15s.  6frf. 

(7)  ^4.  85.  3id.   (8)  £391.  19s.  41^.  (9)  ^564.  195.  7d, 

Ex.  (Ixv),  p.  120, 

(1)  ^21.  15s.  Id.       (2)  £31.  85.  Od.       (3)  ^32.  15s.  2d. 

(4)  ^31.  12s.  9d.       (5)  ^23.  13s.  S^d.   (6)  ^33.  18s.  4^d. 

(7)  £32.  9s.  3|rf.   (8)  ^32.  6s.  5d.       (9)  ^169.  5s.  Id. 
(10)  £181. 18s.  6d.  (ilj  ^240.  19s.  7d.  (12)  ^168.  lis. 
(13)  £200.  175.  Hid.        (14)  ^220.  65.  did. 
(15)  £3602.  17*.  6d. 

Ex.  (lx\i),  p.  122. 

(1)     £36.  35.  5d.  (2)     £28.  Os.  lOd. 

8)     £8.  185.  lid.  (4)    £238.  17s.  lOH 


[?1 


145.  lid.  (6)     £1.  16s.  l^d. 

lid.  (8)     £1519.  12s.  9M. 

(9)    £36108.  17«.  6id.         (10)     £1219.  195.  lO^d. 
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(1)  ^1.  9s. 

(4)  £S.  6s.  6c?. 

(7)  ^22.  14s.  Sd. 
(10)  £5.  18s.  l^d. 
(13)  ^111.  6.'.  8d. 
(16)  i'104.  12s. 
(19)  M.  Us.  8d. 
(22)  ^39  7s.  6d. 


Ex.  (lxvii),p.  123. 

(2)  5s.  lOd. 

(5)  18s.  Sd. 

(8)  ^14.  lis. 
(11)  ^21.  12s. 
(14)  £5.  18s.  l^d. 
(17)  £5.  12s.  6d. 
(20)  ^48. 


(3)  Ss.  9d. 

(6)  ^1.  2s  Id. 

(9)  ^12.  OS. 
(12)  ^15.  15s. 
(15)  ^122.  9s.  4d. 
(18)  ^8.  Os.  lO^d. 
(21)  £36.  6s. 


Ex.  (Ixviii),  p.  125. 


(1) 
(3) 
(5) 
(7) 
(9) 

ai) 


£6.  lOs.  6d. 
£3.  12s.  5K 
^29.  13s.  4d. 
£167.  19s.  2d. 
£6189.  5s.  7K 
£8615.  3s.  9c?. 


(2) 
(4) 
(6) 
(8) 
(10) 


£24.  9s.  IH 
£5.  18s.  4d. 
£34.  Is.  7U. 
£15212.  12s.  6d. 


I. 


II. 


III. 


(1)  7s.  lO^rf. 
(4)  £3.  195.  4d. 
(1)  £1.  16s.  6^d. 
(4)  2s.  4c?. 
(1)  £1.  3s.  2d. 
(4)  £4.  4s.  3ic?. 


Ex    (lxix),p.  127. 

(2)  £5.  12s.  6c?. 
(5)  12s.  3|d. 

(2)  4s.  Sd. 

(5)  Is.  6id. 

(2)  3s.  4:id. 

(5)  6s.  4fd. 

Ex.  (Ixx),  p.  127. 


(3)  18s.  7id. 
(6)  £1.  17s.  7hd. 
(3)  5s.  6d. 
(6)  19s.  10c?. 
(3)  £1.  4s.  lO^d. 
(6)  £1.  3s.  9^§c?. 


(1)  100. 
(5)  231. 


(2)  22. 
(6)  10. 


(3)  42.  (4)  79. 

Ex.  (Ixxi),  p.  128. 


(1)  3s.  6H  (2)  4s.  5fc?. 

(4)  Is.  (5)  Is.  9-^c?. 

(7)  10s.  6d.  (8)  14s.  8c?. 

(10)  £48.  ls.4fci.  (11)  £77.  5s. 
(13)  £8.  3s.  3id.  (14)  £8.  12s.  Ic?. 


(3)  6s.  6f  c?. 

(6)  £24.  16s.  Sd. 

(9)  £13.  6s.  Qd. 

(12)  £1.  15s.  Old. 


Ex.  (Ixxii),  p.  129. 


(1)  £1412.  lis.  8c?. 
(3)  £28299.  Is.  lOc?. 
(6)  £18873.  Is.  6d. 


(2)  £3226.  Os.  6d. 
(4)  £31282.  8s.  5c?. 
(6)  £27877.  13s.  8d. 
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Ex.  (Ixxiii),  p.  130. 

(1)  22645  sec.  ;  61243  sec. 

(2)  107020800  sec. ;  544324  min. 

(3)  33  da.  17  hr.  27  min. ;  6  lir.  32  min.  66  sec. 

(4)  8  da.  14  br.  13  min.  12  sec.  ; 

0  wk.  2  da.  0  hr.  24  min.  56  sec. 

(5)  118;  161;  286;  120;  151. 

(6)  76  hr.  34  min  36  sec.    (7)  136  da.  1  hr.  42  min. 

(8)  26  wk.  2  da.  2  hr.      (9)  22  yr.  293  da.  1  hr. 

(10)  77  hr.  3  min.  41  sec. 

(11)  250  da.  23  hr.  1  min.  13  sec. 

(12)  2  hr.  64  min.  48  sec.    (13)  83  da.  17  hr.  47  min. 
(14)  6  da.  22  hr.  (15)  298  da.  21  hr. 

(16)  1  yr.  331  da.  21  hr. 

(17)  5  da.  9  hr.  36  min.  46  sec. 

(18)  463  hr.  35  min.  5  sec. ;  740  hr.  46  min.  67  sec. 

(19)  2  da.  6  hr.  14  min.  ;  12  min.  17  sec. 

Ex.  (Ixxiv),  p.  132. 

(1)  132  in.  ;  23166  ft.       (2)  446418  in. ;  6499  in. 
(3;  13513  po.  3i  yd. ;  306  fur.  0  po.  4  yd.  2  ft.  6  in. 

(4)  137  mi.  36  po.  3  yd.  1  ft.  ; 

1309  mi.  4  fur.  32  po.  4  yd.  2  ft.  8  in. 

(5)  107  yd.  1  ft.  8  in.       (6)  154  mi.  2  fur.  20  po. 

(7)  23  fur.  21  po.  4^  yd.     (8)  75  yd.  8  in. 

(9)  50  mi.  2  fur.  35  po.     (10)  35  p.  3  yd. 

(11)  87  yd.  3  in.  ;  932  mi.  1  fur.  31  po. 

(12)  1858  po.  3  yd. ;  1783  mi.  3  fur.  6  po.  1  yd. 

(13)  6  yd.  1  ft.  2  in. ;  5  fur.  6^V  PO- 

(14)  2  yd  1  ft.  5i  in. ;  1  fur.  29^  po. 

Ex.  (Ixxv),  p.  134. 

(1)  36761875  sq.  in.       (2)  44425044  sq.  in. 

(3)  1210000  sq.  yd.  ;  94608  sq.  in. 

(4)  4  sq.  yd.  65  sq.  in.  ;  3  ac.  28  po.  9  sq.  yd. 

(6)  1148  po.  2  sq.  yd. ;  14  po.  10  sq.  yd.  7  sq,  ft.  110  sq.  in. 

(6)  284  ac.  2  ro.  25  p. 

(7)  163  sq.  yd.  7  sq.  ft.  91  sq.  in. 

(8)  112  ac.  3  ro.  33  po.  15^  sq.  yd. 

(9)  27  ac.  2  ro.  36  po. 

(10)  6  sq.  yd.  8  sq.  ft.  129  sq.  in. 

(11)  1  ac.  2  ro.  16  po.      (12)  3  ac.  1  ro.  80  po. 

(13)  6  sq.  yd.  7  sq.  ft.  22  sq.  in. 

(14)  66  ac.  3  ro.  36  po. 
88  ac.  2  ro. ;  931  ac.  3  ro.  9  po. 

1  ro.  18  po. ;  1  ro.  27  po. 
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Ex.  (Ixxvi),  p.  135. 

(1)  202  cub.  ft. ;  1175183  cub.  in. ;  654558  cub  in. 

(2)  43  cub.  ft.  21  cub  in. ;  9  cub.  yd.  11  cub.  ft.  372  cub.  in. 

(3)  244944  cub.  in. ;  149904  cub.  in. 

(4)  270  cub.  yd.  26  cub.  ft.  1143  cub.  in. 
(5j  195  cub.  yd.  3  cub.  ft.  298  cub.  in. 

(6)  3558  cub.  yd.  10  cub.  ft.  284  cub.  in. 

(7)  8  cub.  yd.  20  cub  ft.  1545  cub.  in. 

(8)  8  cub.  yd.  1634  cub  in. 

(9)  27  cub.  yd.  7  cub.  ft.  1472  cub.  in. 

(10)  707  cub.  yd.  1323  cub.  in. ; 

2312  cub.  yd.  17  cub.  ft.  518  cub.  in. 

(11)  6  cub.  yd.  14  cub.  ft.  ]  029  cub.  in. ;  8  cub.  yd,  24  cub.  in. 

Ex.  (Ixxvii),  p.  136. 

(1)  59  pts.  ;  109792  pis. 

(2)  8  qr.  2  bus.  1  gall.  2  pt. ;  47  qr.  4  bus.  3  pk.  1  gall. 

(3)  41  gall.  1  pt.       (4)  20  bus.  1  pk.  1  gall. 

(5)  197  qr.  3  bus.       (6)  2  qt.  1  pt. 

(7)  3  pk.  1  gall.        (8)  6  qr.  7  bus.  3  pk. 
(9)  342  qr.  4  bus.  2  pk.  ;  1115  qr.  4  bus.  1  pk. 

(10)  3  qt.  1  pt.  ;  8  qr.  3  pk. 

Ex.  (lxxviii),p.  137. 

n)  12960  gr.    (2)  1680  dwt.  ;  3420  dwt. ;  6185  dwt. 

(3)  22253  gr.  ;  42663  gr. 

(4)  6  oz.  11  dwt.  1  gr. ;  7  lb.  4  oz.  18  dwt. 

(5)  12  lb.  6  oz.  19  dwt.  13  gr.  ;  13  lb.  6  oz.  6  dwt. 

(6)  74  lb.  7  oz.  (7)  30  oz.  4  dwt.  9  gr. 

(8)  87  lb.  7  oz.  12  dwt.  18  gr.   (9)  3  oz.  4  dwt.  21  gr. 
(10)  7  lb.  9  oz.  13  dwt.       (11)  9  oz.  12  dwt.  23  gr. 

(12)  89  lb.  5  oz.  8  dwt.  ;  141  lb.  7  oz.  19  dwt. 

(13)  401  oz.  7  dwt.  11  gr.  ;  148  lb.  9  oz.  5  dwt.  21  gr. 

(14)  2  lb.  12  dwt.  ;  6  oz.  6  dwt.  11§  gr. 

(15)  5  dwt.  8  gr.  ;  2  oz.  19  dwt.  20  gr. 

Ex.  (Ixxix),  p.  138. 

(1)  17600  oz. ;  4352  dr. ;  10000  lbs. 

(2)  203200  oz.  ;  30050  lbs. 

(3)  78416  dr.  ;  7507  lbs. 

(4)  2  cwt.  3  qrs.  22  lbs.  11  oz ;  1  ton  17  cwt.  1  qr.  24  lbs. 


ANSWERS.  811 

(5)  4  cwt.  2  qrs.  14  lbs.  8  oz. ;  9  cwt.  2  qrs.  15  lbs.  15  oz. 
14  drs. 

(6)  53  lb.  12  oz.  1  dr.     (7)  45  qr.  19  lbs.  15  oz. 
(8)  88  cwt.  2  qr.  14  lbs.    (9)  2  lb.  1  oz.  9  dr. 

(10)  2  qr.  22  lb.  8  oz.     (1 1)  1  cwt.  1  qr.  11  lbs. 
(12)  7t.  19  cwt.  3  qr.      (13)  3  lbs. 

(14)  34t.  18  cwt.  1  qr.  13  lbs. 

(15)  120  cwt.  67  lbs.  2  oz.  ;  187  cwt.  65  lbs. 

(16)  156  cwt.  1  qr.  15  lbs.  ;  390  oz.  13  dr. 

(17)  1  cwt,  21  lbs.  8  oz. ;  16  cwt.  1  qr.  13  lbs.  2  oz. 

(18)  1  qr.  14  II  oz. ;  2t.  3  cwt.  3  qr.  6^^;^  lbs. 

Ex.  (Ixxx),  p.  139. 

(1)  13  cwt.  1  qr.  2^  lb.     (2)  13  lb.  14  oz.  12  dr. 
(3)  80  mi.  1  fur.  22  po.     (4)  679  yd.  1  ft.  6  in. 

(5)  166  ac.  3  ro.  32  po.     (6)  757  ao.  2  ro.  12  po. 

(7)  78  sq.  yd.  7  sq.  ft.  6  sq.  in. 

Ex.  (Ixxxi),  p.  139. 

(1)  2  cwt.  4  lb.  (2)  10  oz.  6  dr 

(3)  1  mi.  5  fur.  8  po.       (4)  3  yd.  6  in. 

(6)  5  ac.  3  ro.  4  po.        (6)   1  ac.  3  ro.  8  po. 

(7)  5  sq.  yd.  7  sq.  ft.  87  sq.  in. 

Ex.  (Ixxxii).  p.  140. 


(1)  13s.  4d. ; 

£1.  lis.  dd.  ;  £2.  10s.  9d. 

(2)  6  fur.  16 

po. ;  30  po.  ;  3  qr.  8^  lb. 

(3)  ^152.  lis.  O^d. ;  ^1.  13s.  dd.  ;  2  mi.  2  fur. 

(4)  ^514.  16s.  ;  15s.  9d.          (5)  £1.  2s.  lO^d. 

(6)  13s.  Gd. 

(7)  9  ac.  2  ro.  13A  po 

(8)  16  da.  3  hr.  35  min.          (9)  2  fur  37  yd.  1^  in 

. 

(10)  4  cwt.  2  ^ 

qrs.  11  lbs.  10^  oz. 

Ex.  (Ixxxiii),  p.  141. 

(1)    t\ 

(2)     ¥^              (8)     H             (4) 

i« 

(5)    T^ffff 

(6)     1                   (7)    1              (8) 

,«AVi 

(9)    t\ 

(10)     i                (11)     'H^      (12) 
Ex.  (Ixxxiv),  p.  144. 

m 

(1)    12s.  6d. 

(2)     iJ15.  53.  6d. 

(3)     2-3436(i. 

(4)    3  qr.  18  lb.  12  02. 

(5)     12  dr. 

(6)     ^16.  Os.  Gd. 

(7)     Is.  5d. 

(8)    ^2.  16s.  9-375d. 

(9)     4«.  2d. 

(10)     ^2.  lOs.  7-6d 

(irz 

ANSWER. 

(11) 
(13) 
(15) 
(17) 

22  1b.6|oz.                    (12;    £7.1^.2^d. 
4  tons  16  cwt.  17.4  lb.  (14)     ^26.  17s.  lOUd. 
£2.  5s.  9-8d.                   (16)     16s.  Id. 
£1.  Us.  8d. 

Ex. 

(Ixxxv),  p.  145. 

(1) 

•3285 

(2j 

•002083.                 (3) 

-1875. 

(4) 

•43. 

(5) 

14-49.                    (6) 

•24. 

(7) 

2^64. 

(8) 

1^382890625.         (9) 

•0027. 

(10) 

1-4318. 

(11) 

•3.                         (12) 

•00091876. 

(13) 

2-445916. 

(14) 

-5581. . . .             (15) 

•1406 

Examination  Papers.     (Page  146.) 
I. 

(1)  8665V         (2)  3413  d.  9  hr.         (3)  3  d.  2  hrs.  20  min. 

(5)  191. 

II. 

(2)  13i§§f .     (3)  49  min.  past  1  P.M. ;  149^  mi. 
(4)  19  mi.  146411  yds.     (5)  28160. 

III. 

(2)  3600  ;  £7.  10s.  (3)  ^  3  a.  1  r.  20  p.  21  yd.  77|  in.; 
j5  6  a.  3  r.  1  p.  11  yd.  7  ft.  118?  in. ;  C  7  a.  2r.  16  p.  17  yd. 
1  ft.  291  in.  (4)  29  yds.  (5)  16 1.  4  cwt. ;  10  cwt.  3  qis.5  lbs. 

IV. 

(1)  $11.37i  (2)  259  bus.  2  pk.  1  gal.  l^i  pt. 

(3)  41  bus.  3  pks.  2^  qts.     (4)  47  bags.     (5)  $96.93 

V. 

(1)  Loses  $2.     (2)  13|?3  cents.     (3)  20  grs.  is  largest  weight 
(4)  12  t.  7  cwt.  3  qrs.  16*67  lbs.        (5)  250  lbs. 


Ex.  (Ixxxvi),  p 

.  150. 

(1) 

£8061.  7s.  3|^. 

(2) 

^6022.  Os.  7id. 

(3) 

^5158.  25.  8\d. 

(4) 

£53761.  15s.  lOd. 

(5) 

^83720.  19s.  5id. 

(6) 

£6U86.  16s.  7d. 

(7) 

^169567.  17s.  ll^d. 

(8) 

^1164.  9s.  9d. 

(9) 

je839.  10s.  l^d. 

(10) 

£U57.  Os.  O^d. 

ANSWERS. 


818 


Ex.  (Ixxxvii),  p.  151- 


(1)     ^231.  Os. 
(3)     ^26.  13s. 
(5)     ^805.  9s. 
(7)     £63.  6s.  i 
(9)     £'311.  16^ 

8R!d.              (2) 
M.                     (4) 

lid.                 (6) 
5|d.                    (8) 
..  lUd.           (10) 

£50.  14s.  4-i-^d. 
^496.  2s.  7^^^. 
£3127.  Os.  7K 
^1066.  Is    Q^d. 
£839.  ]5s.  3^rL 

Ex.  (Ixxxviii),  p 

►.  153. 

(1)     $1690. 
(4)     $74.14^. 

(2)     $10.  93i 
(5)     $103.70. 

(3)     SI  64.74. 

Ex.  (Ixxxix),  p. 

166. 

(1)    6. 

(4)    25. 

(7)    $3240. 
(10)     54  days. 
(13)     $9.15^ 

(2)     H, 

(5)     1502/^. 

(8)     14^. 
(11)     20  cents. 
(14)     $14-40 

(3)     $47775. 

(6)     203  mi. 

(9)     ^31.  10s. 
(12)     $408i. 
(15)     .-618.  15s.  li^d. 

Ex.  (xc),  p. 

157. 

(1)    $7833.33i 
(4)    AV. 
(7)     286A- 
(10)     Tiie  first. 

.      (2)     $5040 
(5)     27  min. 
(8)    $400. 
(11)     22i  cwt. 

(3)     18^. 

(6)     $1182.12^ 

(9)    £1.  17s.  4  i28d. 

• 

Ex.  (xci)  p. 

158.       ^ 

(1)  480. 

(4)  4000. 

(7)  $360. 
(10)  $78.60. 
(13)  6  weeks. 
(16)  4  days. 
(19)  84 
(22)  660. 

(2)  $1152. 

(5)  $10.52. 

(8)  16. 
(11)  27  laborers 
(14)  $396, 
(17)  1551  qr. 
(20)  10  days. 
(23)  ;fil20. 

(3)  11268. 
(6)  $54. 6U. 
(9)  20. 
1.       (12)  75  burners. 
(15)  7  weeks. 
(18)  5^  weeks. 
(21)  2  days. 

Ex.  (xcii)  p. 

161. 

(1)  3|hr. 
(4)  2^  min. 
(7)  18  days. 

(2)  13AVlir. 
^    (5)  10  days. 

(8)  n- 

(8)  2H  days, 
(6)  4  hr. 

8U 
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Ex.  (xciii)  p.  163. 

(1)  21t»i  min.  past  4.  (2)  32^8,-  min.  past  6. 

(5)  49^  niin.  past  9. 

(4)  5y*y  min.  and  38  -^  min.  past  4. 

(6)  21^  min.  and  54x'\-  min.  past  7. 

(6)  loff^  min.  and  43fy  min.  past  U. 

(7)  38t\  min.  past  1.  (8)  54^\  min.  past  4. 
(9)  lOf^  min.  past  8. 

Examination  Papers.     (Page  164.) 

(I.) 

0)  1800  lbs.   (2)  $18360.   (3)  $26.40.   (4)  $1042.40 
(6)  ^616. 

(H.) 

(1)  $0.029t^V   (2)  $269. 33i.   (3)  $2408.40.   (4)  300. 
(6)  824  days. 

(HI.) 

(1)  18  days.  (2)  1200  men.  (3)  35  days.  (4)83iday6; 
I.    (5)  60  min. 

(IV.) 

(1)  24  days.  (2)  860  days.  (3)  60  mi.  from  A's  starting 
point ;  6  his.  and  15  hrs.  from  starting.  (4)  At  10  hrs.  15 
min.  a.  m.  on  Saturday,  the  watch  is  5  min.  36^  sec.  too 
slow.     (5)  lOij^  min.  too  slow,  and  lO-jy  min.  too  fast. 

(V.) 

(1)  62  days.     (2)  10  hrs.     (8)  A  in  9^  hrs. :  B  in  6|  hrs. 

(4)  8  hr.  54|  min,  p.  m.      (5)  ^  more. 

Ex.  (xciv),  p.  169. 

(1)  $825.         (2)  $1160.      (3)  $1215.         (4)  $4589. 

(5)  $95.70.      (6)  $156.        (7)  $164.02^.  (8)  M.Qs.mild. 

Ex.  (xcT).  p.  171. 

(1)  4^  per  cent.  (2)  5\  years.  (3)  $1250. 

(4)  $375.  (5)  20  years.  (6)  5^  per  cent. 

(7)  12^  years.  (8)  6  per  cent.  (9)  97  days. 

(10)  4^  per  cent.  (11)  9^  per  cent.  (l2)  Gained  $50. 

(18)  6  per  cent.  (14)  $600 ;  13^  yrs.  (16)  October  6. 
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(1)    $870.13. 


(1)  $59,109. 


(1)     $125-509. 
(4)    $5-508. 
(7)     92  cents. 

(1)  $4600. 

(4)  $1050. 

(7)  $456.80. 
(10)  £7.  19s.  Sd. 
(13)  5  per  cent. 
(15)  $45f,  SlSj'',. 
(17)  $16-H|. 


Ex.  (xovi),  p.  173. 
(2)     $902.75.  (3)     $82.56. 

Ex.  (xcvii),  p.  176. 
(2)  175.28.       (3)  $248.77.        (4)  $297.89. 
Ex.  (xcviii),  p.  177. 
(2)     $238.81. 


(5)     £4.  3s.  2tVs^. 
(8)     $15400. 

Ex.  (xcxix),  p.  181. 


(3) 
(6) 
(9) 


$153.25. 

$292-928. 

$24000. 


(2) 
(5) 
(8) 
(11) 
(U) 
(16) 
(18) 


$70.  (3)  $562.50. 

£537.  10s.      (6)  $36. 

$137.50.         (9)  £152.  Is.  Sd. 

$6000.         (12)  $16-186... 
$1105  ;  Bill  (is  due)  May  4. 
80  to  83  ;  $32. 
$520  ;  6%. 


(1)  $0-285. 
(5)  $18.86. 


(2) 


Ex.  (c). 
$716.76.       (3) 


$314.       (4)     $511. 


(1) 
(4) 


>2) 
(5) 


$3121.60 

$77.90. 


$19,047 
$100. 


Examination  Papers,  Page  184. 

(I)- 
(2)     $781.25.         (3)     4-08%. 
(5)     $8108.326.... 

(11.) 
95  cents.        (3)     £9.  3s.  4d.        (4)     B|%. 


(1)     $2500      (2)     $71.81 


(III.) 
..      (3) 
(IV.) 


$888.S8f.      (4)  Ulj%\. 


(1) 

(4) 


llj.        (2)     $50000. 


A's  by  $224.08. 


(3) 
(5) 


6.1%  ;  £574. 
$12000. 


13s. 


Ex.  (ci),  p.  187. 

(3^     6  mo. 

(6;     $666;V. 
The  equaterl  time  is  May 


(1)     7^  mo.         (2)     4  fa  mo. 

(4)     3^  mo.         (5)    7*  mo. 

(7)     8^  mo.         (8)     $366.04. 
6,  1869.     All  the  bills  are  equivalent   to' $362.35,   but  this 
will  draw  interest  at  6%  till  June  2.     (9)     28  May. 
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Ex.  (cii),  p.  190. 

<1)  Aug.  6,  1876.        (2)  Nov.  29, 1877. 
(8;  Nov.  26,  1877. 

Ex.  (ciii),  p.  191. 

21-25.  (2)     738-571428.  (8)     560C7-6. 

26-9626.       (5)     10-154875. 

Ex.  (civ),  p.  192. 

(1)    $120  ;  278  horses.  (2)     33^  ;  20  ;  10. 

(3)    76844.  (4)     3|";  12^;  15. 


<1) 
(4) 


(5) 

300;  23437^;  4300000. 

Ex.  (ov),  p.  193. 

(1) 

(4) 

(7) 
(10) 

$106.40.                (2)     $700. 

$1.87i.                  (6)     4i% 
$7488.                   (8)    $9800. 
$20000  ;  $60. 

Ex.  (evi),  p.  194. 

(3)     $5.91. 

(6)     $77. 
(9)     $38400. 

(1) 

(4) 
(7) 

$3,125.            (2)     747-25. 
$415.26.          (6)     $473. 
$10000.           (8)     $4800. 

Ex.  (cvii),p.  195. 

(5)  ^4488.  15s. 

(6)  $9.80. 

(1) 
(4) 

$56.70.            (2)     $0-017. 
1^  cents  in  the  dollar. 

Ex.  (cviii),  p.  196. 

(3)    $1312500. 

(1) 
(4) 

$458.10.             (2)     $88. 
$199.60.            (5)    $9500. 

(8)    $460. 

Exmninatlon  Papers.     (Page  197.) 

(I-) 

(1) 
(4) 

4-065.                (2)    $225. 
41825.               (5)     10. 

(n.) 

(3)     $3640. 

(1) 
(4) 

$1760.            (2)     $7119.80.            (3)     $21.76. 
$10936000.     (5)     .4 .  $40  ;  Z^,  $45. 

(ni). 

(1) 
(8) 

$8400.                   (2)     418  bales 
As  40  and  81.       (4)     $8. 

;  $306.90. 
(5)     2-97d. 

ANSWERS. 
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(IV.) 

(1)  $307.40.         (2)  166222-11  lbs. 
(4)  Grain,  $1020  ;  groceries,  $950. 
8,  $918.87;  0,  $1598.83. 


(1)     12535. 

(4)     $255. 


(2)     $2040. 
(6)     $3000. 


(3)  165  ;  255  ;  330. 

(5)  A  gets  $842.30  ; 


(3)     100  bales. 


Ex.  (cix),  p.   203. 

(1)  25.  f2)     $2000. 

(4)  ^1  Is.  li.  per  gall.  (5)  5i|. 

(7)  8  per  cent.  (8)  10  per  cent. 


(10)  23. 
(13)  $300. 
(16)  $3.45. 


(1)  $7262.25. 

(4)  ^3542. 

(7)  $3000. 
(10)  ^6000. 
(13)  $385. 
(16)  $600. 
(19)  $3200 
(22)  5ii. 
(25)  108|. 
(28)  80. 
(31)  $67500. 
(34)  85. 

(37)  6  per  cents;  1% 
(40)  £24960. 
(43)  Increased  $56 
(45)  Gain  $125. 
(48)  6000. 
(51)  $44092. 
(54)  H,U  ;  4A. 


(11)  13-9...  per  cent, 
(14)  3s.  l^d.  per  lb. 
(17)  $3.60. 


(3)  $4.35. 

(6)  33i. 

(9)  5. 
(12)  10. 
(15)  4  lb. 
(18)  33^ per  cent. 


Ex.  (ex),  p.  212. 


(2)  $7840. 
(5)  ^523. 16s. 
(8)  $840. 

(11)  $55.50. 

(14)  $150, 

(17)  $680. 

(20)  6f . 

(23)  4t. 

(26)  119,V. 

(29)  $5000. 

(32)  $41540. 

(35)  92i 
.  (38)  J4725. 

(41)  90. 
,55. 

(46)  5|  years, 

(49)  6  per  cents. 

(52)  89f. 

(55)  $3200000. 


9d 


(3)  $9065.25. 

(6)  $11200. 

(9)  ^2400. 
(12)  $228.80. 
(15)  £21Q. 
(18)  $950. 
(21)  5A. 
(24)  lllj. 
(27)  90-}^. 
$9600. 
lOli. 


(39) 
(33) 


(36)  831. 


(39) 
(42) 


Nothing. 
(44)  $10692;  $21385. 
(47)  Loss   $45.22... 
(50)  $30300. 
(53)  $95. 
(56)  5040:111? 


Examination  Papers.     (Page  215). 

(I.) 
(1)    $2568.  (2)     Loss  8f  per  cent. 

(3)     $1.86^2  per  lb.  (4)     2H  per  cent. 

(5)    Loss  of  $10-163... 
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(n. 


(1)     $2.83i. 
(4)     90. 

(2)     11^;  Si.           (8)     G^cts.peroz. 

(5)     229i. 

(III.) 

(1)     4000  lbs. ;  $1.08J.          (2)     80.          (3)     A  ;  ^2.67^  ; 
$2.68| ;  40%  and  392  3  %.          (4)     $10.        (5)     102-723... 

(IV.) 

(1)     12-99  gain. 
$8160;  $6528. 

(2)     Lost$71||.            (3)     S6000; 
(4)     $511.                        (6)     $2630. 

(V.) 

(1)     $1000. 
(4)    43i. 

(2)     40.                (3)     $91426. 

(6)     Loses  $60  ;  gains  $180. 

Ex.  (oxi),    p.  220. 

(1)     $33;  $27.  (2)     $250  ;  $375  ;  $857  ;  $1000. 

(3)  $8300;  $2200;  $1650;  $1320. 

(4)  9  cwt.  of  saltpetre  ;  1^  cwt.  of  sulphur ;  1^  cwt.  of 
charcoal. 

(5)  120  yd. ;  160  yd. ;  200  yd.         (6)     $240  to  A  ;   $80 
to  B ;  $320  to  G.         (7)     28  ;  32  ;  40. 

A,  i-102.  3s.  9d. ;  B,  ^132. 16s.  lOM. ;  0,  £183. 18s.  9rf. 
113;  078;  791.  (10)~   30. 

5741    .    402  0   .    Q183  .    103  0 

A,  Os.  ;  B,  12s. ;  C,  24s. 

Men,  ?5;  women,  $3;  boys,  $2.40. 

Men,  .S182.70;  women,  $182.70;  children,  $152.25. 

$6000.  (10)     A,  $700  ;  B,  $2500  ;  (7,  $1800. 

A,  $1050;  B,  $1200;  G\  $1250;  A  11500. 


(8) 
(9) 
(11) 
(12) 
(13) 
(14) 
(15) 
(17) 
(18) 
(19) 
(20) 


4  14.       3  (!     .       69 

$175.50;  $218.40;  $252.72;  $117.00;  $149.76. 


1200  boys. 


Ex.  (cxii),  p.  222. 


(1; 
(2) 
(8) 
(4) 
(6) 


First,  $44.25 ;  Second,  $88.50. 

A,  $4.50;  i^,  $6.75;  C,  $11.25. 

A,  $2062.40;  J5,  $2320.20 ;  0,  $773.40. 

A,  $656  ;  B,  $287.  (5)     D,  $20  ;  E,  $50. 

A,  $87.50  ;  B,  $120;  C,  $202.60, 
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(7)  $30;  048;  $28.  (8)     $15.30;  $14.25. 

(9)  .4,  $245;  B,  $225. 

(10)  Johnston,  1 585  ;  Wilson,  $487.50  ;  Miller,  $176.50. 

(11)  ^,$34.30;  5,  $53.90. 

(12)  A,  $735;   B,  $490  ;  0,  $367.50  ;  JJ,  $294. 

(13)  I6«  gall,  and  25-^  gall. 

(14)  A,  $118.30;  B,  $55.90;  0,  S13. 

Ex.  (cxiii).  p.  225. 

(1)  Net  gain,  $1974  ;  ^'s,  $2312  ;  B%  $2172. 

(2)  Net  loss,  $3165  ;  ^'s,  $2836  ;  B's,  $1154. 

(3)  Net  loss,  $3550 ;   ^'s,  $1010 ;  5's,    net  insolvency. 
$2730. 

Ex.  (cxiv),  p.  230. 

(1)  5  lbs.  of  first,  7  lbs.  of  second. 

(2)  30  bu.  oats  ;  20  bu.  rye  ;  20  bn.  barley. 

(3)  60  lbs.  at  55  cts.  ;  30  lbs.  at  75  cts.     (4)  15  gall,  water. 

(6)  12  gall,  kerosene.         (6)     14  bn.  rye  ;  14  bu.  barley. 

(7)  18  ib.  at  14  ct3.  ;  18  lb.  at  18  cts. ;  48  lb.  at  30  cts. 

(8)  36  lb.  at  33  cts.  ;  36  lb.  at  37  cts.  ;  48  lb.  at  45  cts. 

Ex.  (cxv),  p.  237. 

(1)  109^  (2)  $4681.29.                  (3)  2  fr.  13  cent. 

(4)  1760  copuks.  (5)  9  fl.  20  kr.            (6)  3345.44. 

(7)  .£576. 12s.  6d.  (8)  ^1  =  $4-8665.     (9)  London  gives 

25  fr.  45c.  for£l.  (10)  ^1  =  13g  marcs  Banco. 

(11)  $4.86.  ^1.  (12)  520-435.              (13)     63ia.      per 

milree.  (nearly).  (14)  -0102046  oz  :  25.17  francs. 

Examination  Papers. 

(I.) 
(1)  1-2372.  (2)   A  $6075  ;  B  $5400;  O$6000. 

(3)5774.43.  (4)  Direct    $14224.91;    Cir.     $14476.72; 

gain  $251.81         (5)  2^  per  cent,  discount. 

(H.) 

(1)  78|  cents  and  66|  cents.  (2)  A  $4912  ;  B  $6168. 
(3)  £1  =  25.  35i|.  (4)  A,  §2324 ;  B  $1708. 
(5)  10  and  4. 

(in.) 

(1)  33i  lbs.  of  8,  10  and  12  cents  and  100  lbs  of  20  cts.  ^ 

(2)  $1212.  (3)  $1257?.  (4)  jV«.  {5)  £2.  3s.  2^d.  (nearly). 
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IV. 

(])    $2211. 16a.  (2)     $243.63.  (8)    $5. 

(4)     Paris  $14285.71?  ;    London  $14599.50  ;    Amsterdam 
$14640.         (5)     lib.  at  8  ;  8i  lb.  at  13  ;  8  lb.  at  14. 


(1)     59,  17,  and  106.  (2)     118?  per  cent. 

(3)  8,  10  and  12  months.         (4)     $9176tV. 
(5)     -42;  23 1'r  per  cent. 

Ex.  (cxvi)  p.  242. 

(1)    I  is  greater.  (2)     if  is  greater. 

(3)  if  is  greatest  ;  ?  is  least.         (4)     45  ;  364. 

(5)  112 ;  405.    (6)  $31.25.    (7)  if. 

(8)  i;  3i.    (9)  128;  1.     (10)  9;  13. 

Ex.  (cxrli),  p.  245. 

(1)  4: 3::  12:9.  (2)  12f.     (3)  -0076. 

(4)  ^:0::25:39.  (5)  21.      (6)  k^. 

(7)  .048.  (8)  28      (9)  5%. 

(10)  A  $552  ;  B  $460  ;  C  $345  ;  D  $230. 

Ex.  (cxviii),  p.  247. 

(1)  ^1285.       (2)     10  h.  40  m.  363V  sec.        (3)     y%  mi. 

(4)  3  h.  25  min.  P.M.       (5)  10  d.;  12^  d.       (6)     $47.13. 

(7)  78fd.        (8)    8  P.M.  Thursday.        (9)    7722  stones. 

(10)  12800. 

Ex.  (cxix),  p.  249. 

(1)  54  men.  (2)     1050  men.  (3)     18. 

(4)  60  men.       (5)  Navvies  did  6  times  as  much  as  soldier. 

(6)  I25YF  dronas.        (7)    576.        (8)     16|        (9)     155. 

(10)  12  days. 

Ex.  (cxx),  p.  252. 

(4)  6000  mm.  (5)     1067-25  dcm. 

(6)  15  milligrams.  (7)     43-7  mm. ;  4*37  cm. 
(8)     155000  sq.  cm.  (9)     1086-42  sq.  dcm. 

(10)  1725  grams.    (11)  100  milligrams  ;  10000  decigrams. 

(12)  256-7  centigrams.  (13)     5000  milligrams. 

fl4)  1-60931  kilometres.        (15)     567-875  cu.  cm. 

(16)  8720  Htres. 
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Ex.  (cxxi),  p.  255. 

(1)  35  sq.  ft.  (2)  135  sq.  ft.     (3)  300|  sq.  ft. 

(4)  12  sq.  ft.  (5)  462f  sq.  ft.     (6)  224  sq.  ft. 

(7)   G08  sq  ft.     (8)  150,^«  sq.  ft.   (9)  402^  sq.  ft. 

(10)  30:1  sq.  yd.  (11)  1387/e  sq.yd.  (12)  315^^  sq-  ft. 
(13)  870^  sq.  ft.  (14)  91  sq.  ft.  121  in. 

(15)  11'  sq.  ft.  (16)  502  sq.  ft.  73  sq.  in. 

(17)  2232  sq.  ft.  81  sq.  in.    (18)  16  ft. 

(19)  7  ft.  5  in.     (20)  8  ft  9  in.     (21)  11  yd. 

(22)  88  yd.       (23)  99  yd.      (24)  9  ft. 
(25)  16  ft.       (26)  103  ft.      (27)  405  yd. 

(28)  255  yd.      (32)  360*5  yd.    (30)  163-25  yd  nearly. 
(31)  5^/  2  in.    (32)  625^  2  ft. 

Ex.(cxxii),   p.  256. 

(1)    28|.  (2)     46a.  (3)     67. 

(4)  58.  (5)     142|f.  (6)     $8.40. 

(7)  #86.80.  (8)     $83.89i.  (9)     ^11.  95.  Sd. 

Ex.  (cxxiii),  p.  258. 

(1)     630.  (2)     855.  (3)     875^^.  (4)    798. 

(5)  #25.60.       (6)     $13.62.        (7)     ^6.  13^.  2ld. 

(8)  £6.  Gs.  d^%d. 

Ex.  (cxxiv),p.  268.  ' 

(1)  $4.93^.  (2)  $520,961.            (3)  210  ft. 

(4)  135  ft.  (5)  £18.  IQs.              (6)  $5.95. 

(7)  $1.20.  (8)  12  tt.                     (9)  62  yd.   1  ft. 

(10)  22|a.  (11)  17^  ft.                 (12)  1ft.  9Hn. 

(13)  $12.50.  (14)  5952  stones.       (15)  $12.96. 

(16)  #13.50.  (17)  429  yds. ;  715  yds. 

(18)  ^9100  sq.  yd. ;  8600  sq.  yd.  (19)     26. 

(20)  169.20.  (21)     $28.  (22)     #112.64. 

(23)  2  ft.  (24)     300. 

Ex.  (cxxv),  p.  262. 

(1)  336  cub.  ft.         (2)  5481  cub.  ft.  (3)  83^  3  cub.  ft. 

(4)  850-^-f  f  cub.  ft.  (5)  1058^^^^  cub.  ft.     (6)  9600. 

(7)  16335  tons.         (8)  500  men.  (9)  1  ft.  3^^^  m. 

(10)  2031ilb.  (11)  141b.  (12)  5ift. 

(13)  160.  (14)  3i  ft.  (15)  £26.  2s.  6d. 


822 


ANSWERS. 


Exarnination  Papers. 


(1)     113. 
(4)     30  inches. 
2000-020002 


31 


IT.     24 .     7 

•02 ;  2000 ;  -000002 


a) 

(9) 
(12) 

(U) 

(17) 
(20) 
(22) 
(24) 
(25) 
(27) 
(29) 
(31) 
(33) 
(35) 
(37) 
(39) 
(42) 
(45) 
(47) 
(50) 
(53) 
(56) 
(59) 
(62) 
(65) 
(68) 
(72) 
(74) 
(77) 
(79) 
(81) 
(84) 

(87) 
(90) 
(91) 
(94) 
(96) 
(99) 


-432. 

45  miles. 

$5760 

i;  -75. 

12  days. 
A,  $2.49 ; 

9  6_0  1 


(2)    $75.  (3) 

(5)     6  of  each.       (6) 

10000 1000  1^ 

'aoooo 
7899  mi.  1  fur.  25  po.  3  ft.  6  in. 


(8) 
(10) 


$210. 


(15) 
(18) 
B 


14. 

108. 

$15.81. 

•21 ;  2100. 


(11) 
(13) 

(16) 
(19) 
(21) 
(23) 


9405  steps. 

5  5     .  •0189 
17695260  in  •  ^'^ 


$10800. 
1 


B^3^* 


1  3        . 
'¥ O'D"    '    T'5'Tro'O"  >  ^  ,         «-,  .  ^      r.  7 

i'142.  12s.  <dd.  ;  ^42.  15s.  9c/. ;  ^14.  5s.  ^d. 


3  8 
197 


twice. 


12-96 ;  If. 

21  yd.  2  ft.  2|  in. 

$166.66-1. 

3i 

4  per  cents  ;  1 128700. 

$3500  and  $52.50. 

3  ft. 

55-3  ft.         (40)     75^  yds. 

$4200.  (43)     2691|f. 

$1.65. 
;9.2  .  in  °/.   (48)  $1785. 


...3;  10% 
^i'5.  15s.  Orid. 


(51)  m- 

36  days. 


$3733^.  (54) 

$823.68.  (57)    $9.37^. 

$1.50.  (60)     $15f. 

33-6  in.  (63)     1  hr. 

3hr.  (66)     Shr. 

$1680.  (69)     16Ht- 

7-976  d. 

$4906.25.  (75)     16  days 

A  gets  $1925  ;  B  $770  ;  G  $154 


(26) 
(28) 
(30) 
(32) 
(34) 
(36) 
(38) 

(41) 
(44) 
(46) 
(49) 
(52) 
(55) 
(58) 
(61) 
(64; 
(67) 
(70) 
(73) 
(76) 


5  h.  48  min. 

$32.66|. 

$49.50  and  $49.50. 

GGfi  7 

1^\  knots. 
35  cents  less. 

1. 

256. 

200,  189,  101. 

270  ft. 

5s.  Id. 

26  sec.  loss. 


Loss  of  60  %. 
f.  (82)  A. 
4  hr.  32  min.  (85) 

coal,  3i  lb.  of  sulphur. 
$16.  (88)     $12705. 

$60.75;  $31.17i 
1.  (92)     31116. 

13   min.  to  12. 
4%&5yo.    (97)     $805. 
900. 


$3346.87^. 

7  y. 

11  sq.ft.  mnu 

89r%V;  -000365. 
107tV8  days. 
(78)  $3600;  6f  fo. 
(80)     M.  Is.  61  ?d 
(83)     8  days. 
22  lb.  of  nitre,  4|  lb.  of  char- 


(86) 
(89) 

(93) 

(95) 

(98) 

(100) 


95/e  cents. 
1.2535. 

^1;  -m 

MIO  ;  ^800. 
$67.50. 
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(101)  42238274625.  (102)     '3937  in. 

(103)  A  in  6|f  da.;  B  in  9||  da.;  G  in  14^%  da. 

(104)  90  miles.  (105)     $410;  $800; 
(106)  $9.50.     (107)     Loses  4%    (108)     ^214. 

(109)  $9.38^^.  (110)     ^23398  7s.  6d. 

(Ill)  14min.         (112)     |.  (113)     18250. 

(114)  30  mi.;  25  mi.  per  hour.       (115)     7i ;  .£50  less. 

(116)  4  days.  (117)     $6.17i. 

(119)  On  Tuesday  a.  m.  when  one  clock  marks   9h.   11m., 
and  the  other  8h.  5:^m.  30sec. 

(120)  $1238.70  (121)     4497  times. 
(122)  $450.                                     (123)     $10,  $18,  $15. 
(124)  $1.12.          (125)     30.           (126)     4  times. 

(127)  A  walks  a  mile  in  13;^   min  ;  he   loses  by  11^   mi. 

and  by  ^f  min.  (128)     7i  months. 

(129)  90  ;  $465.  (130)     1200  gal.  ;  2  hours. 

(131)  4^\.  (132)     46.        (133)     4000  ft. 

[134)  A,  gets  88  cents  ;  B,  49|  cents. 

(135)  11-^J-  min.  and  16^y  min.  past  3. 

a36)  13i  years.  (137)     ^136.  9s.  2d.  ;  6i  % 

(138)  10.  (]39)     £60000.     (140)     38. 

(141)  $1.76.      (142)     3idays.     (143)     3^  hrs. 

[144)  28^  days.  (145)    400  miles. 

(146)  87i.  (147)    A   gets    $1155  ;  B, 

$572;  a  $259.50.  (148)     6^. 

(149)  111835^  metres.  (150)     £44. 13s.  U, ;  ^  ft. 

(151)  2.  (152)     937 ;  -02268  of  an  inch. 

(153)  7^  miles.     (154)     8^  (155)     £600.     (156)  $760. 

(157)  161  miles.  (159)     24-9  fr.  =  £1.  ;  25'15  fr.  =  £1. 

(160)  3ft.  IIVj  in.(161)     1.  (162)     3721^^5. 

(163)  48  min.  (164)    4*  mouths. 

(165)  9  of  spirit  to  31  of  water.     (166)     56^%. 

(167)  $2035.         (168)     10.  (169)  2-198in.  ina  century 

(170)  6.30  p.m.     (171)     103-67;  574.  (172)     15  hr. 

(173)  56  yd.         (174)     $6.  (175)    ^  min. 

(176)  $23 ;  17|^.  (177)    13|f  min.  (178;     1520  tons. 

(179)  10861578  nearly.  (180)     1120  yd. ;  262^  ac. 

(181)  15  masters,  345  boys. 

(182)  A  gets  $17.50;  ^,$52.50;  0,  $105;  D,  $175. 

(183)  $4500.  (184)     18  cents.  (185)     40  %  of  loss. 
(186)  $24360.        (187)     6  cents.  (188)     $11835.76. 
(189)  $3.40.           (190)    (81.12 ;  7  yds.  (191)     2. 

(192)  lAhr.  (193)     $7500. 

(194)  $3750.  (195)     $8400. 

(196)  Each  child  gets  $1920.60  ;  each  brother,  $960.80. 
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(197)  $215.  (198)     He  gains  14^  f. 

(199)  60000000  quarters. 

(200)  3  miles  an  hour  ;  1|  miles  an  hour.  (202)  4i. 
(203)  37A.  (204)  1609-306  metres. 
(205)  $2.00.                                     (206)     8-243  %. 

(207)  $53.40  of  increase.  (208)     2  : 7. 

(209)  33  ft).  7  oz.  Avoir.  (210)     2  ft.  3  in. 

(^211)  ^9.  3s.  Qd.      C212)     5  io  and  10  %.      (213)     3  pints 

(214)  4  %.  (215)     #2450. 

(216)  $92 ;  $115.  (217)     30  days. 

(218)  ^400.  (219)     #115.  (220)     474. 

(221)  -05.  (222)     124.001  and  f. 

(223)  9000  men.        (224)     Second  greater  by  #50. 

(225)  $9125.  (226)    1\  hr. ;   18  hr. ;  6\  hr. 

(2-28)  10  hours.  (229)     $6120. 

(230)  Length  32  ft.  ;  breath  16  ft. ;  height  8  ft. 

(231)  6s.  (230)     42000. 
(233)  #33.76.  (235)     Lost$l. 

(236)  #305.  (237)     $i|.  (238)     ^6000. 

(239)  #9.50.  (240)    48000. 

(241)  3s.  (242)     3r\days.     (243)     90  days. 

(244)  $56000,  #48000,  $42000.    (245)     #35. 

(246)  160;  623.  (247)     1500  bbls. 

(248)  ^1.  lis.  Ud.  (249)     5^  years. 

(250)  Length,  27  ft.  ;  breadth,  18  ft. ;  height,  12  ft. 

(251)  3998936616.      (252)     9.      (253)     1%. 
(254)  Increase  $160.  (255)     17|-%. 
(256)  4idays.       (257)     #30.        (258)     4^  per  cent. 
(259)  24  days.                                (260)    ^ilO;  150  per  cent 
(261)  400  in.                                  (262)     #553^  ;  6%. 

(263)  l^mi.  (264)    B.  (265)     #200. 

(266)  $1200.    (267)     Loses  5%.  (268)     #4.82 for  ^1. 

(269)  $40800.  (270)     25  cents. 

(271)  Between  '0001  and  -0002.      (273)  A  $3200  ;  5  $4800; 

0  #6000 ;  D  #7000.  (274)     #6.50. 

(275)  1^  cents.       ^276)     #5.60.       (277)     $1.03^. 

(278)  #12800.         (279)     $4.30.       (280)-^-^^  in. 

(281)  750  (282)     478,  369,  and  584. 

(283)  45  mi.  and  30  mi.  per  hr. 

(284)  50  per  cent.  (285)     82^  cents. 

(-286)  151  cwt.  of  nitre  ;    1^\  cwt.  of  sulphur ;    "2,^x5  cwt.  of 

charcoal.         (287)     4^  miles  per  hour. 

(288)  Capital  $1000000  ;  Keceipts  $100000.       (289)     3^  %. 

(290)  1;23.         (291)     36ii  ;  lO^Vs-        (292)     1^- 

(293)  £66.  13s.  4<i.  (294)     2-8523809  hr. 
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(295)  5  hr.  10^^  rain. 

(297)  $39.95. 

(299)  $26f. 

(301)  70-41 ;  1-46.  (802) 

(303)  $274,121  ;  $456.50.  (304) 

(305)  8^  and  i.  (306) 

(307)  $20000.  (308) 

13^  per  cent.  (309) 

(310)  $12.31  (311) 

(312)  6f  per  cent.  (313) 

(314)  $3000.  (815) 

(316)  82  cents.  (317) 

(318)  5,  by  16  yds.  (319) 

(320)  26  yd.  (821) 

(322)  ^^62.  5s.  (323) 

(824)  9  (lays.  (325) 

(326)  $1440.  (327) 

(328)  70.  (329)     2s.  6d.      (830) 

(831)  i  ;  i  ;  1.            (382)  5  hr. 

(334)  $284;  $266.40;  $806;  $345.60. 

(335)  3^  hours.  (836) 
(387)  First  is  $50.      (338)  $14600. 
(340)  A,  8240  ;  B,  2196;  D,  2052;  C. 


all,  6480. 
(341)     12;f§. 
66. 


(296)     82  days. 
(298)    8  per  cent. 
(800)     28i;  427ilb. 
4  per  cent. 

$1023.75. 
$80  ;  $1331 
$5100. 

12903.       18 

16  years. 
$7800. 
1^  months. 
^  per  cent. 

I      .    fi26    .    7 
-5T  '    "2T  »     '• 

14  min.  43| 

1;  2. 

$10000  ;  $4000. 
8s.  2ld. 

(333)     5  miles. 

70  cents. 

(889)     25  oxen. 
1944;  E,  1728,  in 


sec. 


(344) 
(847) 
r848) 
(349) 
(350) 


(342) 
(845) 


18  min. 


(843) 
(846) 


$2200. 
^1160. 


Man  ^ets  ^4.  4s.  ;  woman  gets  £3  ;  child  ^1 16s. 

27951:  12500. 

875  grains  of  potash;  890  grains  of  soda. 

$20.95. 
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INTEREST,   ANNUITIES,   ^c. 

1.  To  find  the  amount  of  a  given  sum,  in  any  given 
time,  at  Simple  Interest, 

If  P  be  the  principal  in  dollars,  n  the  length  of  time  in 
years,  r  the  interest  of  %1  for  1  year;  then  the" interest  of  $P 
for  1  year  will  be  Pr,  and  for  n  years  will  be  Vrn ;  where- 
fore, if  I  be  the  interest,  then 

I  =  Pm. 
If  M  be  the  amount,  wo  have 

M  =  P  +  Prn 
=  P  (1  +  rn). 

2.  To  find  the  amount  of  a  given  sum,  in  any  given 
time,  Git  Compound  Interest. 

Let  P  =  the  principle  in  dollars  ; 
»'     r  =  the  interest  of  $1  for  1  year  ; 
«♦     71  =  the  number  of  years  ; 
<'    R  =  the  amount  of  $1  fori  year  =  1  +  r; 
then  PR  will  be  the  amount  of  $P  for  1  year, 
and  this  becomes  the  Principal  for  the  2nd  year ; 

.♦.  PR-R  =  PR2 
will  be  the  amount  of  $P  for  2  years, 
and  this  becomes  the  Principal  for  3rd  year  ; 

.-.  PR2R  =  PR3 
will  be  the  amount  of  $P  for  3  years,  etc. ; 
hence,  M  =  PR" 

=  P(l+r)% 
will  b^  the  amount  of  $P  for  n  years. 

Interest  ==  PR«  —  P 
=  P(R"— 1). 

3.  To  show  that  the  formula^  M=  PR"  is  trne  ivhen 
n  is  fractional. 

If  n  is  fractional  we  can  always  find  a  whole  number  such 
that  nOL  is  a  whole  number  =  q.^    suppose.      Divide   the 
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year  into  a  eqiira  intervals,  and  let  R<^  be  the  amount  of  $1 
in  one  cf  these  intervals,  then  the  amount  of  $1  in  oc  in- 
tervals is  R«,  and  is  equal  to  R  ;  also  the  amount  of  $1 
in  n  years,  that  is  noc  intervals,  is  equal  to  R<^,  and  there- 
fore equal  to  E" ;  hence  the  amount  of  $P  =  PR"  ,  therefore 
Ihe  formula  is  true  for  fraction^  value  of  n. 

Thus,  if  /  is  the  nominal  yearly  rate  of  interest  of  $1  pay- 
able q  times  a  year,  meaning  that  —  is  the  interest  payable 

q. 

at  the  end  of  each  qth.  part  of  a  year,  then  the  amount  of  $1 
in  a  year  is  S  [1  -f-  — )    ,8.ndtiio  <r?teyea,rly  rate  of  interest  is 


V^ih 


Ex.  (1).  Find  the  amount  of  $100  in  2J  years  at  8 
per  cent.  Compound  Interest. 

M  =  100  fl  -f  AU 
'         100/ 

looji  +  i .  -^-+  /^-^  -.  fA]%.^'3:i._/lV+... 


2      100  ■  1-2-22      100/         1-2-3-23    100 


=  100  (1-f  •024--012-[-.-000155-|-...) 
=  $121-215.... 

Ex.  (2).  Find  the  advantage  -when  Compound  Inter- 
est is  reckoned,  of  having  the  interest  paid  half-yearly, 
quarterly,  &c.,  instead  of  yearly. 

The  advantage  per  SI  for  a  year,  when  the  interest  is  paid 
half-yearly,  and  the  half-yearly  payment  is  half  the  yearly 
one. 

=  (1+  ^V-  (1  +  ^) 


(-r 


«l-hr-^-!^-f  ...  -(l-fr) 

=T  —  nearly,  since  r  is  a  small  fraction. 
4 

Similarly,  when  the  interest  is  paid  quarterly,  the  advan- 

tage  =  — -  nearly. 
8 
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And  generally,  when  the  interest  is  paid  p  times  a  year, 
the  advantage 


"-  a+r) 


r2  nearly. 


Ex.  (3).  Find  the  amount  of  a  given  sum  at  com- 
pound interest,  the  interest  being  supposed  due  every 
instant. 

If  the  interest  were  paid  q  times  per  annum,  then 

M=:P      1+    - 

F2 

Now,  if  q  be  indefinitely  great,  that  is,  the  intervals  be- 
tween the  payments  indefinitely  small,  then,  neglecting— 

q. 

and  its  powers,  we  have 


nh^  TzV  I 


=  Pe^"*,  where  e  =  2-7182818. 

Todhunter's  Algebra,  Art.  542. 

Ex.     (4).     If  P  represents  the  population  of    any 
place  at  a  certain  time,  and  every  year  the  number  of 

deaths  is  _th,    and  the   number  of  births  -  th,  of  the 

P       .  .     .  5' 

whole  poj)ulation  at  the  beginning  of  that  year ;   re- 
quired the  amount  of  population  at  the  end  of  n  years 
from  that  time, 
at  the  end  of  one  year  from  the  time  the  population  was   P, 

the  increase  =  —  __  _  _.  p  ? — ". 
q         p  pq 


APPENDIX. 


829 


Population  at  end  of  1st  year 


==P4.pti  =  p|i+Pi:ll  =  Pi,  say. 
Similarly,  population  at  end  of  second  year 

i        pq  )         i         pq  ) 

and  so  on  as  in  Compound  Interest. 

Hence,  population  at  end  of  nth  year  =  P  J 1  4-  "    '^  I   . 

i         pq  ) 

4.  To  deduce  the  formula  for  Simple  Interest  from 
the  formula  for  Comvound  Interest. 

M  =  PR" 

=  P  (1  +  r)« 

=  P|  1  +  nr  +  -fry--  r2+  ct-c.  | 

Now  Compound  Interest  may  be  regarded  as  consisting 
of  two  parts : 

CI)     Interest  on  principal,  and 

(2)     Interest  on  interest. 

If  from  tlie  value  of  M,  given  above,  we  take  away  the 
part  that  represents  interest  on  interest,  there  remains  the 
interest  on  the  principal  or  the  Simple  Interest.  Now  the 
third  term  contains  r^  or  r  X  r,  that  is  interest  on  interest. 
Similarly  for  succeeding  terms. 

Therefore  for  Simple  Interest  we  have 

M  =  P  (1  +  nr),  as  before. 

Hence,  any  formula  for  Simple  Interest  can  be 
dednced  from  the  corresponding  one  for  Com- 
pound, by  neglecting  r^  and  all  higher  powers. 

Therefore,  in  general,  we  shall  find  the  formula  for  Com- 
pound Interest,  and  deduce  the  corresponding  formula  for 
Simple  Interest.  Indeed  this  is  the  only  rational  method 
of  treating  the  subject.  There  is  but  one  kind  of  interest, 
viz.,  Compound  Interest.  Simple  Interest  is  incorrect  in 
principle,  and  of  course  may  lead  to  very  incorrect  results. 
When  any  sum  of  money  is  due,  it  matters  not  whether  it  is 
called  principal  or  interest,  it  is  of  value  to  the  owner,  and 
should  bear  interest.  The  results  obtained  by  the  principle 
of  Simple  Interest  are  merely  approximations  to  the  correct 
results  obtained  by  the  principle  of  Compound  Interest. 
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Exercise  I. 

(1)  A  sum  of  $P  is  put  out  at  Simple  Interest  for'n  years ; 
find  an  expression  for  its  amount  at  the  end  of  tliat  time. 

(2)  If  R  be  the  amount  of  $1  in  one  year  at  any  rate  of 
interest,  the  amount  of  P  dollars  in  n  years  will  be  PB'* , 
whether  n  be  integral  or  fractional. 

(3)  If  $P  at  Compound  Interest'amount  to  $M  in  t  years  ; 
what  sum  must  be  paid  down  to  receive  $P  at  the  end  of  t 
years  ? 

(4)  If  ^P  at  Compound  Interest,  rate  r,  double  itsolf  in  n 
years,  and  at  rate  2r,  in  m  years ;  show  that  ^  ^  i 

(5)  In  what  time  will  a  sum  of  money  treble  itself,  at  5  per 
cent.,  Compound  Interest  ? 

log  3  =  -4771212,  log  1-05=  -0211893. 

(6)  A  sura  of  money,  $P,  is  left  among  A,  B,  C,  in  sxich  a 
manner  that  at  the  end  of  a,  6,  c  years,  when  they  respective- 
ly come  of  age,  they  are  to  possess  equal  sums  ;  find  the 
share  of  each  at  compound  interest. 

(7)  Two  men  invest  sums  of  $4410  and  $4400  respectively, 
at  the  same  rate  of  interest,  the  former  at  simple,  the  latter 
at  compound  interest ;  at  the  end  of  two  years  their  pro- 
perties amount  to  equal  sums;  find  the  rate  of  interest. 

(8)  In  a  certain  county  the  births  in  a  year  amount  to  an 
wth  of  the  whole  population,  and  the  deaths  to  an  7ith  ;  in 
how  many  years  will  the  population  be  doubled  ? 

(9)  A  person  spends  in  the  first  year  m  times  the  interest 
of  his  property  ;  in  the  second  year,  2m  times  that  of  the 
remainder ;  in  the  third  year,  3w  times  that  at  the  end  of 
the  second,  and  so  on  ;  and  at  the  end  of  2p  years  he  has 
nothing  left ;  shew  that  in  the  pth  year  he  spends  as  much 
as  he  has  left  at  the  end  of  that  year. 

(1 0)  If  interest  be  payable  at  every  instant,  in  how  many 
years  would  $1  amount  to  $6,  reckoning  interest  at  5  per 
cent.  ? 

(11)  A  person  starts  with  a  certain  capital  which  produces 
him  4  per  cent,  per  annum  compound  interest.  He  sperif'': 
every  year  a  sum  equal  to  twice  the  original  interest  on  his 
capital.  Find  in  how  many  years  he  will  be  ruined,  having 
given  log.  2  =  -3010300,  log.  13  =  1-1139434. 

(12)  The  population  of  a  county  is  35743.  There  is  no 
emigration  or  immigration.     The  annual  deaths  are  27  in 
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the  1000,   and  the  births  62  in  1000.    What  will  be   the 
increase  of  the  population  in  five  years  ? 

(13)  If  the  population  of  a  county  be  P,  and  every  year 
the  number  of  deaths  is  -g^jyth,  and  the  number  of  births 
^^^th,  of  the  whole  population  at  the  beginning  of  the  year  ; 
find  in  what  time  the  population  will  be  doubled. 

log  181  =  2-25768,  log  3  =  -4771213, 
log  2  =  -30103. 

(14)  On  a  sum  of  money  borrowed,  interest  is  paid  at  the 
rate  of  5  per  cent.  After  a  time  $600  of  the  loan  is  paid  off, 
and  the  interest  on  the  remainder  reduced  to  4  per  cent., 
and  the  yearly  interest  is  now  lessened  one-third.  What 
was  the  sum  borrowed  ? 

(15)  If  a  debt  a  at  compound  interest  is  discharged  in  n 

years  by  annual  payments  of  -^  show  that 

m 

(1+r)"    {1-mr)  =  1. 


DISCOUNT. 

5.  To  find  the  Present  Worth  and  Discount  on  any 
s^ini  for  a  given  time.  (1)  Compound  Interest.  (2) 
at  Simple  Interest. 

The  principal  difference  between  Amount  and  Present 
Worth  is  that  the  former  is  reckoned  forwards  from  a  given 
date  while  the  latter  is  reckoned  backwards  from  the  same 
date.  Hence  it  is  evident  that  if  V  represents  the  Present 
Worth,  then, 

V=P(l  +  r)-*» 

P 
==  -  for  Compound  Interest ; 

expanding  and  neglecting  r*  and  higher  powers  we  have 

P 
2  I  yj^    for  Simple  Interest, 
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If  D  be  the  Discount,  then 
P 


^ 


^P 


Vl-frV*"'    ^<^^P0"^^  Interest. 

P 

y^,  approximately, 

:r— »      Simple  Interest. 


6.    If  we  expand  P  (1  +  r)  -»,  and  neglect  r^  and  higber 
powers,  we  get 

P  (1  -  nr) 

which  may  be  called  the  common  present  worth. 

The  true  present  worth  is 

, — ; :  by  division 

1  -\-  nr  ' 

=  P  (1  -  7ir  +  nV  -  nV  +  dhc. 

Subtracting  the  common  from  the  true  pr.  ..ont  worth,  we 
get 

VnV-  (1  -  nr  +  nV  -  dx.) 
1 
1  -)-  nr 

and,  therefore,  when  n  is  small  the  error  committed  in 
taking  common  for  true  discount  is  nearly  proportional  to  the 
square  of  the  time. 

In  the  expression 

P  (1  -  m), 

if  n  =  —the  common  present  worth  is  nothing ;  while  if  n  >  - 

it  is  a  negative  quantity.  Thnt  is,  the  common  present 
worth  of  a  bill  for  #100  due  20  years  hence  at  5  per  cent,  is 
nothing,  and  for  any  period  beyond  20  years  the  holder  of 
the  bill  would  require  to  pay  a  certain  sum  to  get  quit  of  it, 
which  is  absurd.     The  true  present  worth  of  $100  due  in  20 

p 

years,  as  given  by  the  formula ,  is  $50. 

1  +  nr 
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7.     The  interest  is  greater  than  the  discount, 

V  nr 
Since 


^=^  1+nr 

1    _  1  +  nr 
D            Vnr 

=      1      + 

1 
P 

-+- 

1 
P 

i>\' 

I    >D. 

V                  ^ 

V-     l  +  «r, 

D            Z""- 
~     1  +  nr 

_        I 

8.  Since 
and 


1  +  nr 
we  see  that  the  Discount  is  the  Present  Worth  of  the  Interest. 

9.  The  Discount  is  half  the  harmonic  mean  between 
the  Principal  and  the  Interest. 

D=     ^ 

1  +  nr 

—  PI 

"~     P  +  Pnr 

PI 

P  +1 

,    2  PI 

SB     half   harmonic    mean   between 
principal  and  interest. 

Ex.  (1).  The  Simple  Interest  on  a  certain  sum  of 
money  for  a  certain  time  is  $28,  and  the  discount  for 
the  same  time  at  the  same  rate  of   simple  interest  is 
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$24.     What  is  the  sum  of  money?     If  the  time  bo  3| 
years,  what  is  the  rate  per  cent.?" 

From  the  above  formula  we  have 

24   =   -^^ 

P  +  28 

24P-I-24  X28  =  28P 

4  P  =  24  X  28 
P  =  $168 ; 
the  sum  required  is  1168. 

Again,  D  =: 


24 
8 


1-f-nr, 

28 
1+3K 

7      . 
2+7r  ' 
1 
'  =-21-' 

'.  rate  percent.=  100r=  -^T"  —  "^th 


Ex.  (2)     If  the  Simple  Interest  on  a  sum  of  money 
for  a  given  time  and  rate  is  ith  of  that  sum  itself,  the 

True  Discount  will  be ^f  the  sum. 

71-1-1 

but,  in  this  case,  I  =  i  P  ; 

p"-P 
••    ^-p+AP 


n  -^  1' 
Similarly,  if  the  interest  ber-of  the  principal,  the  discount 
is rof  the  principal. 
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Ex.  (3).   Bank  Discount  at  5  per  cent,  being  $180.90, 
find  tLe  true  discount  on  the  same  amount. 


D 
I 

= 

n 
20 

where  n 

"= 

21 

•.D 

= 

20 
21^ 

$130.90. 

5     —    1 
TXTCT  —  TJr» 


=  $124- 66|. 

10.  Bank  Discount  ex'^eeds  True  Discount  by  the  Simple 
Interest  on  the  True  Discount. 

Bank  Discount — True  Discount  =  I—D 

Pnr 
=  Pnr  - 


1  +  nr 

-     '^      1  +  nr 
Pnr 


1  -\-  nr 
=   Dnr 

=  Simple  Interest  on  the 
True  Discount. 

Ex.  (4)     The  True  Discount  on  a  bill  due  in  1  year, 
and  discounted  at  8  per  cent,  being  $500,  what  would 
have  been  the  Bank  Discount  thereon  ? 
Bank  Discount  =  True  Discount  +  Dnr 
=  $500  4-  3500  X  tU 
=  $540. 

Exercise  II. 

(1)  Bank  discount  being  5  per  cent.,  a  person  receives 
$37.10  less  than  the  nominal  value  of  his  bill.  "What 
should  he  receive  for  his  bill  if  true  discount  only  were 
deducted  ? 

(2)  A  person  possesses  a  sum  of  money,  the  simple  inter- 
est of  which  at  4  per  cent,  is  $536.25.  With  this  sum  he 
purchases  an  estate,  for  which  he  pays  by  a  note  payable  in 
4  month's  time,  and  which  being  discounted  at  4  per  cent., 
is  worth  at  present  exactly  the  money  he  possesses.  For 
how  much  is  the  bill  drawn. 
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(3)  True  discount,  at  4  per  cent.,  on  a  sum  of  money 
being  $15,  find  simple  interest  on  the  same  sum  at  5  per 
cent. 

(4)  The  interest  on  a  certain  sum  of  money  is  $180,  and 
the  discount  on  the  same  sum  for  the  same  time,  and  the 
same  rate  of  interest  is  $150;  find  the  sum. 

(5)  If  the  interest  on  $A  for  a  year  be  equal  to  the  dis- 
count on  $B  for  the  same  time,  find  tne  rate  of  interest. 

(6)  If  the  three  per  cents  are  at  90  one  month  before  the 
payment  of  the  half-yearly  dividend,  what  is  the  rate  of 
interest  ? 

(7)  A  gives  B  a  bill  for  $a,  due  at  the  end  of  tn  years,  in 
discharge  of  a  bill  for  $b,  due  at  the  end  of  ii,  years :  for 
what  sum  should  B  give  A  a  bill  due  at  the  end  of  p  years, 
to  balance  the  account  at  Compound  Interest  ? 

(8)  Given  A  my  income,  a  the  premium  for  assuring 
$100,  r  the  rate  of  Interest  per  cent,  per  annum ;  find  what 
sum  I  must  lay  out  in  assuring  my  life,  so  that  my  execu- 
tors may  receive  a  sum,  whose  interest  shall  equal  my 
reduced  income. 

(9)  A  sells  goods  to  B  and  allows  him  10  per  cent,  dis- 
count, if  he  pay  in  six  months ;  what  discount  ought  he  to 
allow  if  payment  be  made  in  two  months,  at  5  per  cent,  per 
annum,  simple  interest  ? 

(10)  The  discount  on  a  promissory  note  of  $100  amounted 
to  $7.50,  and  the  interest  made  by  the  banker  was  $5-405 
per  cent. ;  find  the  interval  at  the  end  of  which  the  note  was 
payable. 


EQUATION  OF  PAYMENTS, 

11.  To  find  the  equated  time  of  payment  of  two  sums 
due  at  different  times  at  a  given  rate  of  interest^ 

Pi       (Pi  +  PQ      P2     ^.^ 

%  n  7fc2 

Let  Pj,  Pa,  be  the  sums  due  at  the  end  of  the  time 
Wi,  ??2 ;  r  the  rate  of  interest ;  take  time  N  greater  than 
7ig.     Then  it  is  manifest  that  the  amounts  of  Pj,  Pa,  at 


APPENDIX. 


887 


the  time  N,  should  in  equity  be  together  equal  to  the 
amount  of  theii-  sum,  (Pi  +  P2)  in  the  same  time. 

Whence, 

P,   (1  +  r)  ^~ '"  +  P.  (1  +  r)  ^  ""'  =  (p,  +  P.  ) 

(l  +  .) 


or  dividing  both   sides  by    1  -j-  rl      ,  Pi  II  +  ^ 


(1  -h  ^]      ,  Pi 


»ii 


+  P2   (1  +  r)      "^  ==    (Pi  +  P2   (1  +  r)      '' (i; 

that  is,  the  present  values  of  these  sums,  due  at  their  respec- 
tive tinies,  are  equal  to  the  present  value  of  their  sum,  due 
at  the  equated  time. 
If  we  expand  and  neglect  r^  and  higher  powers  we  have, 
Pi(l-*nr)  +  P2(l— n^rj  =  (  Pi  +  Pa  )   (1  —  nr) 
or,  Pmi  +  P.2  9i.2=  (Pi   +  P2)n; 

Pi7ii  -h  P2?^2 

. '.  n  = 

Px  +  P2 
which  is  the  rale  given  in  Art.  184. 

12.  We  have  seen,  Art.  6,  that   the  expansion  of 
/           \  -  n 

h  j^  rj  ,  neglecting  r^  and  higher  powers,  gives 
common  present  worth  instead  of  true  present  worth. 
The  above  process  is,  therefore,  incorrect.  It  may 
easily  be  seen  that  we  have  taken  the  interest  instead  of 
the  discount  of  sum  paid  before  it  is  due,  and  thus, 
since  interest  is  greater  than  discount,  Ai't.  7,  a  smaU 
advantage  has  been  given  to  the  payer. 

13.  If  we  write  equation  (1)  i;i  the  form, 

Pi        ,         P2       _    Pi+Pa 
(l+r)».    '^  {l+rY^  ~    (l  +  r)« 

and  expand,  neglecting  r^,  and  higher  powers,  we  have 
Pi  P2       _  Pi  +  P?,. 

1  +  »h*'       1  +  *^2^  1  +  nr  ' 

which  is  the  form  of  the  equation  for  Simple  Interest, 
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Solving  for  n  we  get 

n  =  ^1^1  +  ^2^2  4-  ^  (Pi  +  Pa)  ^1%  . 
Pi   +  P2  -h  r  (P,n,  +  P.n^)      ' 
wliicli  is  tbe  correct  value  of  the  equated  time. 

If  r  ba  a  very  small  quantity,  as  in  practice  it  usually  is, 
and  Pi,  Pg,  not  very  large,  we  shall  have 

^  =        p     .    p        .  as  before. 


ANNUITIES, 

14.  The  term  Annuity  is  understood  to  signify  any 
interest  of  money,  rent,  or  pension,  payable  from  time 
to  time,  at  particular  periods ;  and  these  payments  may 
take  place  yearly,  half-yearly,  quarterly,  &c. 

15,  To  find  the  Amoimt  of  an  Annuity,  to  he  paid  for 
a  given  number  of  years,  at  Compound  Interest, 

Let  A  be  the  annuity,  7i  the  number  of  years,  R  the 
amount  of  one  dollar  in  one  year,  M  the  required 
amount. 


We  have 

Amount  due  at  the  end  of 

1  year  =  A 

2     "     =A-fAE 

3    "     =A  +  AK  +  AE2 

&c     "     =&c 

n    «     =  A  +  AK  +  AR2  +... 

...+AR"-! 

=  A    » 
Hence     M  =  A 


R-1 
R°-l 


R-1 

16,  For  Simple  Interest,  expanding  and  neglecting 
r^  and  higher  powers,  we  get 
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r  [  1-2  J 


=  A      72  + 


|(--1)4 


17-  To  find  the  Present  Value  of  an  annuity,  to  he  paid 
for  a  given  number  of  years,  at  Compound  Interest. 

I.  The  amount  of  the  annuity  at  the  end  of  the  first 
year  is  A,  while  the  present  value  is  AE~^ ;  similarly, 
the  amount  at  the  end  of  the  Tith  year  is  AK"~\  and  the 
present  value  is  AR~".  Hence  in  order  to  obtain  the 
present  value  from  the  amount  we  must  first  multiply 
the  formula  for  the  amount  by  R,  and  then  change 
the  sign  of  the  index  of  R. 


M-K 

Multiplying  by 

R  we  get 

Changing  sign 

of  index  we  have 

R-i  — 

-R-i 
1 

^    R-«   -1 
="^  1    -    B 

=t(i-R-'^). 

n.  We  may  obtain  the  same  result  by  proceeding  on 
the  principle  that  if  the  present  value  P  be  put  out  to 
compound  interest  for  n  years,  it  ought  to  amount  to 
the  same  as  the  annuity  for  that  time. 

„  R«  —  1 

Hence  PR«  =  A  — j^^jj" 

1  — R-" 


-f  (.-.-). 
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III.  We  will  now  proceed  on  the  principle  that  the 
present  value  P  is  the  sum  of  the  present  values  of  the 
respective  annual  payments. 


Present  value  of  A  due  1  year 

((                    ((                    O              (( 

n 
,'.  P  =  AR-i  -1-  AR-2  +  AR- 

hence 
&c. 

~^  .  .  . 

=  AR- 
=  AR-* 
=  &c. 
=  AR-" 
,  AR-« 

==  AR- 

•   B-'- 

-1 
-1 

A  / 
=  ^    1 
r  \ 

-H 

• 

18-  For  Simple  Interest,   expanding  and  neglecting 

r^  and  higher  powers,  wc  get : 


P=^ 


— 1 


_  A     (l  +  r)^-l 
^   r  '       (1  +  r)» 

=  A.  ^  +  "  (^^  ~  ^)^ 
1  -f-  iir 

=  nA  .  2  +  (n  — l)r. 
2  1  +  n/- 

19.   Tofifid  the  present  value  of  a  perpetual  annuity, 
I.  Reckoning  Compound  Interest. 

P  =  AR-^  4-  ARTj^  ....  ad  infinitum. 
_AR-^ 
~1— R-i 
_     A 
R— 1 

=A. 

r 
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//.   Hechonlng  Simple  Interest, 
nk    2  +  (71,  — l)r 
^  2  1  +  7ir 

_)iA      I  +(l-^)r 
2  '  i  +  r 

Now  when  w  =  x  ,  the  limit  of 

i.+  (l_l)r  Qf(l-0)r 

=  0  +  r 


4+r 


Hence,  the  limit  of  P,  when  n  =  oc  =r  5 —  =  q^  . 

This  result  shows  that,  an  infinite  sum  oi'  money  is  re- 
quired to  be  left,  in  order  to  insure  an  equal  annual  pay- 
ment for  ever,  which  is  absurd.  It  indicates,  thereforo, 
that  the  only  correct  method  of  computing  annuties  is  on  the 
compound  interest  principle. 

20.  To  find  the  Present  Value  of  an  annuity,  to  com- 
mence at  the  end  of  p  years,  and  then  to  ccntiniie  q  years. 

The  present  values  of  the  first,  second,  &c,  ^th  payments, 
due  at  the  end  of  p-fl,  &c.,  |5-f  g  years  respectively,  will 
evidently  be 

A"R-''P+i;,  AR-^P+2^,         &c.    AR  -^P+q^  ; 

when  the  present  value 

P  =  AR-^P+i-'.  1 1  -f-  R-i  4.  R-2  4- . . .  4.  R-rq-ii 

U~R-i| 
=     A_        fR" 

Rp+c 


iR~--:if. 


If  the  annuity  is  payable  for  ever  after  q  years  have  ex- 
pired, by  summing  the  above  series  ad  infinitum,  we  have 

P  =  ._.  ^_  ^ 

R(Rp— Ij 

These  formula  enable  us  to  compute  the  values  of  rever- 
sions, or  Annuities  %n  Reversion  ;  and  the  latter  determines 
the  value  of  the  Fee  ISimple  of  the  freehold  estate,  which  is 
to  fall  in  at  the  expiration  of  p  years. 
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Ex.  1.  A  sum  of  $a  is  borrowecl  for  a  period  of  m 
years,  to  be  repaid  by  equal  annual  instalments,  the 
first  payment  to  be  made  after  one  year.  Find  the 
amount  of  the  annual  instalment. 

Let  A  be  the  annual  instalment. 
Then  the  amount  of  this  annual  payment  in  m  years. 
A 


Again,  if  the  sum  a  be  allowed  to  accumulate  for  m  years 
at  compound  interest,  its  amount 

Now,  these  two  amounts  ought  to  be  equaL 
Hence  we  have 


-  Ir"*  -  l|=aR'«; 


a 

1 

~    r 

'  1-R— 

Ex.  2.  The  present  value  of  an  annuity  of  $1,  to 
continue  x  years,  is  $10  ;  and  the  present  value  of  an 
annuity  of  $1,  to  continue  2x  years,  is  $16;  find  the 
rate  of  interest. 

Here,  10  =  -  (l-R"*),  art.  17, 

and  16  =  i(l-R-^); 

16  _    l-B-'^ 
•*•    loT""    1-R-^ 

=  (1-K~^)(1^^~*) 
1-R-* 

:^    1    +   R-* 

16 

or  2-^-=i-R-^; 

2 
.-.  l-R-=-5- 
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Substlkite  in  the  first  equation,  we  get 
2        1 

5        r 

1 

*•=  26 
100  r  =  4. 

The  rate  is,  therefore,  4  per  cent. 

Ex.  3.  A  mortgage  of  $5,000,  interest  at  6  per  cent, 
per  annum,  has  7  years  and  10  months  to  run  ;  find  its 
present  value,  interest  at  10  per  cent,  per  annum,  pay- 
able half-yearly. 

The  first  payment  of  -nterest  is  $300,  and  will  be  due  in  10 
months;  its  amount  for  seven  years,  at  10  per  cent.,  pay- 
able half-yearly,  will  be  300(l'05)i*.  Similarly,  the  amonnt 
of  the  second  payment  of  interest  at  the  end  of  the  7  years, 
willbe  300(l-06)i2  ;  and  so  on.  The  amount  of  the  last 
payment  will  be  |800. 

Hence,  the  whole  amount  of  the  mortgage  and  InteieBt 
will  be 

5000  + 300(1-06)" -f  800(1 -OS)"-!- +300. 

=  5000 +  300  {(1-05)" +  (1-05)"+ +  1} 

=  6000  +  300  j^i:25tJ:l 
l(l-05f  -  Ij 
=  8462-06. 

Now,  if  the  present  value,  P,  be  put  out  to  compound 
interest  at  10  per  cent,  per  annum  for  7  years  and  10  mos., 
it  ought  to  amount  to  the  same  as  the  morto^age  for  that 
time. 

.-.  P(l-05)i'^J  =  8462-06 

.-.  P  =  3940-13. 

The  Present  Value  of  the  Mortgage  is,  therefore,  $3940.13. 

The  value  of  (l-05)i'*i  may  be  found 

(1)  By  means  of  a  table  of  logarithms. 

(2)  By  raising  1-05  to  the  16th  power,  dividing  this  by 
1"05  we  obtain  the  15th  power,  taking  ^  of  the  diflTerence 
and  adding  to  the  16th  power,  we  get  approximately  the  15| 
power  of  1-06. 
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(8)  By  the  Binomial  Theorem,  as  follows : 

(1.05)J  =  (1  +  ^)^  =  1  +  «V— sAtt  =  1.0163  ;  then 
(1.05)^^-1-  1.0163  will  give  a  close  approximation  to  (1.05)^^' 

For  additional  information  on  this  subject  consult  Loan 
Tables  by  Professors  Oherriman  and  Loudon, 

Exercise  III. 

(1)  A  person's  dividend  from  his  Bank  Stock  is  $580  a 
year.  What  is  the  present  value  of  this  income  for  five 
years  to  come,  computing  by  simple,  and  also  by  compound 
interest,  at  7  per  cent. 

(2)  What  annuity,  to  continue  20  years,  san  be  purchased 
for  $10000,  allowing  compound  interest,  at  5  per  cent. 

(3)  For  what  sum  might  the  Government  of  a  country 
undertake  to  pay  an  annuity  of  $1000  a  year,  for  ever,  on 
the  supposition  that  money  may  always  be  invested  at  6  per 
cent. 

(4)  For  what  sum  might  an  annuity  of  $400  a  year,  for  10 
years,  to  commence  in  5  years,  be  purchased,  allowing  com- 
pound interest  at  6  per  cent  ? 

(5)  A  person  who  enjoyed  a  perpetuity  of  $1000  per 
annum,  provided  in  his  will  that,  after  his  decease,  it 
should  descend  to  his  only  son  for  10  years,  to  his  only 
daughter  for  the  next  20  years,  and  to  a  benevolent  Institu- 
tion for  ever  afterwards.  What  was  the  value  oi  each 
bequest  at  the  time  of  his  decease,  allowing  compound  inter- 
est at  6  per  cent.  ? 

(6)  A  person  at  the  age  of  22  put  $100  at  interest,  at  6 
per  cent.,  and  $100  each  year  afterwards,  until  he  was  40 
years  old.  He  also  collected  the  interest  annually,  and  con- 
verted the  same  into  principal ;  what  amount  vvas,  by  these 
means,  accumulated  ? 

(6)  A  corporation  borrows  ^3769  at  4  per  cent.,  to  be  paid 
in  30  years  by  equal  annual  instalments.  What  will  be  the 
annual  payment  ? 

(7)  A  property  is  let  out  on  lease  for  a  years  at  an  annual 
rental  of  $6,  and  after  c  years  the  lease  is  renewed  on  pay- 
ing a  fine  of  $d.  What  is  the  additional  rent  equivalent  to 
this  fine  ? 

(8)  A  farm  is  let  for  n  years  at  a  fixed  rent  and  a  fine  of 
$p.  When  2^  years  of  the  lease  remain,  what  fine  must  be 
paid  to  extend  these  p  years  to  q,  at  compound  interest  ? 
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(9)  If  two  joint  proprietors  have  an  equal  interest  in  a 
freehold  estate  worth  $a  per  annum,  but  one  of  them  pur- 
chased the  whole  to  himself  by  allowing  the  other  an  equiva- 
lent annuity  of  $b  for  n  years,  find  the  relation  between  a 
and  h. 

(10)  Find  the  present  value  of  an  annuity  of  SI,  paid  n 
times  per  annum,  and  continuing  for  m  years,  allowing 
compound  interest  at  the  rate  of  r  per  cent,  per  annum ; 
and  prove  that,  as  n  is  indefinitely  increased,  this  present 

1  — e"*"^ 

value  continually  approaches  the  limit    •. 

r 

(11)  A  monthly  instalment  of  $10  has  2  years  one  month 
to  run,  what  sums  must  be  paid  at  once  to  reduce  the  period 
six  months,  money  being  worth  one-half  per  cent,  per 
month  ? 

(12)  A  mortgage  of  $4000  interest  at  5  per  cent,  per  an- 
num, payable  half -yearly,  has  17  years  and  8  months  to 
run.  Find  its  present  value,  interest  10  per  cent,  per  an- 
num, payable  half-yearly. 

(13)  If  two  sums,  Sj^,  Sa,  due  at  times  t^,  t^,  be  paid  to- 
gether at  an  intermediate  time  t,  t  being  determined  from  the 
equation. 

Show  that  whichever  mode  of  payment  be  adopted 

(1)  x\t  any  antecedent  period,  the  present  values  are  the 
same  ; 

(2)  At  any  subsequent  period,  the  amounts  are  the  same ; 

(3)  At  the  intermediate  time  of  payment,  the  interest  of 
the  sum  overdue  is  the  discount  of  that  not  due. 
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CUBE  ROOT. 

The  extraction  of  the  cube  root,  by  the  ordinary  rule,  is  a 
troublesome  process,  seldom  used  and  easily  forgotten.  The 
following  process  is  much  simpler. 

Let  a  be  an  approximate  value  of  the  cube  root  of  N,  so  that 
^-JN  =  a-f-ac,  as  being  very  small ; 
then  N  =  {a-\-xf  -=  a^ -)- 3a'x -f- 3a  x'^-^^^ 

=  a8-f  3  acc(ct  +  x),    nearly,     since  x    is 
small. 

First  suppose  N  =  a^  +  ^a^x 
N-a3 


N4  2a» 


3a2     ' 

and 

.-.    a^x    = 

N  +  2a'   . 
3a3 

thcr( 

3fore,  more  neai 

rly,  N  =  a"  -j-3ax. 

and 

x  = 

-""■     N  +  2a«' 

and, 

therefore,  3/ N 

=  a-\-x 

2N  +  a3^^ 

3a2 


N  +  2a^ 
Suppose  we  wanted  to  find  the  cube  root  of  any  number  N. 
In  the  first   place   we   find  some  number  a  whose  cube  is 
somewhere  near  the  given  number.     Then  the  fraction, 

2N  +  a' 
N  +  Sa*"" 

will  be  a  nearer  approximatian  to  the  cube  root  than  a  itseli 
was.  When  we  have  found  this  value,  we  can  take  this  as 
a  and  repeat  the  process. 

Thus,  to  find  the  cube  root  of  241*804367,  we  observe  that 
216,  the  cube  root  of  6,  is  nearest  to  241.  Hence  the  first 
value  of  a  is  6. 
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Therefore.  2_N+^ 

N  +  2a3    » 
699-608734 


673-804367 
4197-636404 


X   6 


~~    673-804367 
=  6-23  very  nearly. 
On  trying:  6.23  we  find  it  is  correct. 

Ex.  (1).  Find  the  cube  root  47. 
The  nearest  cube  to  47  is  that  of  4. 

^                                    2  N  +  a3 
Hence,  "• 


N  -f  2a» 
94   4-  64 

47  +  128 

632 

175 

2528 


X  4 


—    700 

=  3.61  nearly. 
Next,  take  3.61  for  a,  and  substitute  in  the  formula,  and 
J7e  get  3.6088261,  which  is  correct  to  seven  places  of  deci- 
nals. 
Ex.  (2).  Find  the  cube  root  of  10. 
2N  +  a3 


In  this  case, 

JN  H-  '2  a** 
9.n  4-  ft 

X  2 


N+  2a3 
—     20  +  8 
"~  10   +    1.8' 
=  2.153. 
Next,  substitute  2.15,  instead  of  2,  and  we  get 
20+9-938375  ^-IS 

10  +  19-876750 
=  2-1544346, 
which  is  correct  as   far  as   six   places   of  decimals.     This 
method  has  also  the  practical  advantage  that  an   error  of 
work  gets  corrected  at  the  next  trial. 


AN  SWERS. 


Exercise  I. 
M' 


(^)    "TF-  (^)  22-0  years,  nearly. 


(b)     ^'s  share  is 


J^«+b_^J^a+c   ^   J^6+fl 


(7)     5  per  cent.        (8)  ^''~- ^ 


log.  (7/131  -  m  +  7i)  —  log.  mil 
(10)     n   =  ^^i~-^-  (11)     17-67  y^ars. 

(12)     2762.        (13)     125  years,  nearly.       (14)     $3600. 

Exercise  II. 
(1)     $706,661.         (2)     .$13585.         (3)     $19.50. 

(4)     #900.  (5)     100  5izi:  per  cent. 

A 

(6)     m.  (7)     aRp-'"— 6RP— . 

Aa 
1?)    '^r  ^^^     11-463  per  cent.       (10)    li  years. 

Exercise   III. 

(1)     At  simple  interest,  $2237.77;  at  compound  interest, 

$2173.10.  (2)     $802.42. 

(3)     $16666. 66f.  (4)     $2199.95. 

(5)     $7360.08;  $6404.74;  $2901.83. 

150-76  dr^<^ 

(^^      l-fl-04)-3o  •  ^"^^    R*'-  1    • 

(8)    1-=^-    (R--R-)     (9)    ^=2  |l-~}. 

If  1  1 

1^)     r   I  ^  ~  (1 4- 1)^""    [• »   »"  ^s  interest  of  $1  for  1  year. 

11)     $58,968.  (12)     $2422.85. 
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number  of  leading  High  Schools  in  the 
Province. 


HAMBLIN  SMITH'S  ALGEBRA, 

With  Appendix,  by  Alfred  Baker,  B.A.,    Mathematical  Tutor,    Uni- 
versitj'  College,  Toronto.     Price,  90  cents. 

THOMAS  KIRKLAND,  M.A.,  Science  Master,  Normal  School. 

"  It  is  the  text-book  on  Algebra  for  candidates  for  second-class 
certificates,  and  for  the  Intermediate  Examination.  Not  the  least 
valuable  part  of  it  is  the  Appendix  b}'  Mr.  Baker." 

GEO.  DICKSON,  B.A.,  Head  Master,  Collegiate  Institute,  Hamilton. 

''  Arrangement  of  subjects  good  ;  explanations  and  proofs  exhaus- 
tive, concise  and  cl«ar ;  examples,  for  the  most  part  from  University 
and  College  Examination  Papers,  are  nimierous,  easy  and  progres- 
sive. Tliere  is  no  better  Algebra  in  use  in  our  High  Scliools  and 
Collegiate  Institutes." 

WM.  R.  RIDDELL,  B.A.,B.  Sc,  Mathematical  Master,  Normal 
School,  Ottawa. 

"  The  Algebra  is  admirable,  and  well  adapted  as  a  general  text- 
book." 

W.  E.  TILLEY,  E.  A.,  Mathematical  Master,  Bowmanville  High  School. 

"  I  look  on  the  Algebra  as  decidedly  the  best  Elementary  Work  ou 
the  subject  we  have.  The  examples  are  excellent  and  well  arranged. 
The  explanations  are  easily  understood." 

R.  DAWSON,  B.A.,  T.C.D.,  Head  Master,  High  School,  Belleville. 
"With  Mr.  Baker's  admirable  Appendi.x ,  there  woiild  seem  to  be 
nothing  left  to  be  desired.  W^e  have  now  a  first-class  book,  well 
adapted  in  all  respects  to  the  wants  of  pupils  of  all  grades,  from  the 
beginner  in  our  Public  Schools  to  the  most  advanced  student  in  our 
Collegiate  Institutes  and  High  Schools.  Its  publication  is  a  great  boon 
to  the  over-worked  mathematical  teachers  of  tlie  Province." 


EXAMINATION   PAPERS 


ARITHMETIC, 

By  J.   A.    McLellan,    LL.D.,   Inspector  High  Schools,   and 

Thos.  Kirkland,  M.A.,  Science  Master,  Normal  School, 

Toronto.        Second  Edition. 

PRICE    .fl.OO. 


From  the  GUELPH  MERCURY. 

,  .  .  The  work  is  divided  into  six  chapters.  Ti  first  \s  on  the 
Unitary  Method,  and  p:ives  solutions  showing  its  ap).  ication  to  a 
variety  of  problems,  in  Simple  and  Compound  Proportion ;  Percentage, 
Interest,  Discount,  Profit  and  Loss  ;  Proportional  Parts,  Partnership; 
Chain  Rule,  Exchange,  Alligation  ;  Commission,  Insurance,  &c., 
Stocks ;  and  Miscellaneous  Problems.  The  second  is  on  Elementary 
Rules,  Measures  and  Multiples,  Vulgar  and  Decimal  Fractions.  The 
third  contains  Examination  Papers  for  entrance  into  High  Schools  and 
Collegiate  Institutes,  the  fourth  for  candidates  for  third-class  certifi- 
cates, the  fifth  for  candidates  for  the  Intermediate  Examination  and 
second-class  certificates,  and  the  sixth  for  candidates  for  third-class 
certificates  and  University  Honours.  It  will  be  observed  that  the  work 
begins  with  the  fundamental  rules— those  principles  to  be  acquired 
when  a  pupil  first  enters  upon  the  study  of  Arithmetic,  and  carries 
him  forward  till  prepared  for  the  highest  class  of  certificates  and  for 
Honours  of  the  University.  .  .  .  Teachers  will  find  in  it  a  necessary 
help  in  supplying  questions  to  give  their  classes.  Those  who  aspire  to 
be  teachers  cannot  have  a  better  guide — indeed  there  is  not  so  good  a 
one — on  the  subject  with  which  it  is  occupied. 

From  the  ADVERTISER. 

...  By  all  who  are  groping  after  some  method  better  than 
they  have  at  present,  this  volume  will  be  cordially  welcomed,  and 
many  who  have  never  suspected  the  possibility  of  accomplishing  so 
much  by  independent  methods,  will  be,  by  a  perusal  of  the  introduc- 
tory chapter,  impelled  to  think  for  themselves,  and  enabled  to  teach 
their  pupils  how  to  do  so.  .  .  •  It  is  far  superior  to  anything  of  the 
kind  ever  introduced  into  this  country.  .  .  .  The  typographical 
appearance  of  the  work  is  of  a  very  high  character— quite  equal,  in 
fact,  to  anything  of  the  kind  issued  by  the  best  publishing  houses  of 
London  or  New  York, 


From  the  TELESCOPE. 

.  .  .  The  plan  of  the  work  is  excellent,  the  exercises  being 
arranged  progressively,  each  series  preparing  the  student  for  the  next. 
The  problems  are  all  original,  and  so  constructed  as  to  prevent  the 
student  using  any  purely  mechanical  methods  of  solution.  .  .  .  We 
should  really  feel  proud  of  our  Canadian  Authors  and  publishing 
houses,  when  we  consider  the  infancy  of  our  country  and  the  progress 
it  has  made  and  is  making  in  educational  matters,  and  particularly  in 
the  recently  oublished  educational  wnrksi 


EXAMINATION    PAPERS    IN    ARITHMETIC. 

J.  MORRISON,  M.  D.,  Principal,  H.  S.,  Nevnnarket 

*  *  ♦  It  is  one  of  the  best  contributions  to  Arithmetic 
vrhich  has  been  made  of  late  years.  The  Unitary  system 
cannot  fail  to  be  addopted  in  all  our  schools,  and  this  book  places 
the  whole  subject  in  a  satisfactory  Ught. 

J.  D.  PLATT,  B.  A.,  P.  S.L,  Prince  E.  Co. 

*  *  ♦  I  consider  this  .work  well  adapted  to  secure  thorough- 
ness. The  introductory  chapter  in  explanation  at  the  Unitarj 
Method  is  especially  valuable.  The  anxiety  which  Teachers,  ano 
Candidates  for  Certificates  manifest  regarding  the  work,  is  the 
highest  recommendation  of  its  practice  utility 

B.  RODGERS,  P.  S.  I.,  CoUingwood. 

*  ♦  *  It  cannot  fail  to  receive  a  cordial  welcome  from  all 
our  Teachers  in  the  High  and  Public  Schools.  We  must  cordially 
commend  its  introduction. 


JAMES  McBRIEN,  I.  P.  S.  Co.  Ont 

*  ♦  ♦  This  workshould  be  in  the  hands  of  all  that  desire  to 
obtain  perpetual  and  Provincial  Certificates. 

WM.  MACKINTOSH,  P.  S.'L,  N., Hastings. 

*  »  ♦  The  Examination  Papers  in  Arithmetic  I  look  upon 
as  one  of  the  most  really  useful  additions  that  have  yet  been 
made  to  anadian  school  book  literature.  *  ♦  ♦  The  thirty- 
four  pages  of  instructions  on  the  Unitary  Method  are  worth  far 
more  than  the  entire  book  costs. 


G.  BLAIR,  I.  P.  S.,  Grenville  Co. 

*  *  *  This  work  was  much  needed  and  will  give,  I  sincerely 
trust,  the  finishing  blow  to  the  rule  and  rote  sjstem  in  Arithme- 
tic which  has  so  long  been  freezing  the  very  hfe  out  of  our  Can- 
adian schools.  Every  candidate  for  the  various  examinationB  in 
Ontario  ought  to  procure  this  work,  which  not  only  explains  the 
analytical  method  clearly,  but  applies  it  thoroughly. 

F.  BURROWS,  P.  S.  I.,  Len.  &  Ad.  Cos. 

•  ♦  *  Dr.  McLellan's  reputation  as  an  Arithmetician  is  so 
deservedly  high,  and  he  has  already  done  so  much  to  excite  a 
rational  study  of  Arithmetic,  that  it  would  seem  imnecessary  to 
say  a  word  in  commendation  of  this  collection  of  Arithmetical 
Questions.  I  am  sure  these  arithmetical  papers  and  exposition 
of  the  Unitary  Method  will  be  received  by  our  teachers  with 
great  satisfaction. 

J.  S.  CARSON,  P.  S.  I..  Co.  Middlesex. 

As  a  work  to  foster  independent  thought,  McLellan  & 
Kirkland's  Arithmetic  stands  alone  and  unrivalled,  nearly  every 
teacher  in  my  Inspectoral  Division  has  a  copy,  aud  pronounces 
it  admirably  adapted  to  the  various  degrees  of  difficulty  required 
iu  our  Public  Schools. 


T.  O.  STEELE.  L  P.  S.,  Co.  Prescott. 
It  fills  a  vacancy  long  felt    by    Teachers  and    those  pre- 
paring to  teach,  and  to  such  I  do  most  heartily  recommend  it 


EXAMINATION    PAPERS    IN    ARITHMETIC. 

From  the  GRAND  RIVER  SACHEM. 

♦  *  *  Candidates  preparing  for  Teachers'  Certificates  ot 
Miy  grade,  cannot  atiord  to  be  withe  ut  it.  The  name  of  the  Au- 
thors being  a  sufficient  guarantee  of  its  vjxlue  to  the  pupil  as  well 
as  to  the  private  student. 


From  the  STRATFORD  BEACON. 
*  *  *  Italsobasa  chapter  on  the  "Unitary  Method"  of 
Bolvmg  problems,  which  will  be  found  of  invaluable  utility  to 
teachers  and  pupils,  who  may  perchance,  have  been  hitherto 
plodding  their  dreary  way  "  through  the  different  rules  and  for- 
mula of  the  text-books  of  the  present  day.  Bv  following  this  me- 
thod the  youthful  arithmetician,  after  having  mastered  the  '•  fun- 
damental rules,"  is  enabled  to  solve  nnj  problem  that  has  the 
requisite  data  for  its  own  solution.  In  addition  to  arithmetical 
practice  this  method  strengthens  and  expands  the  mind  by  giving 
it  exercise  in  the  most  rigid  logic  and  accurate  analysis,  and,  in 
^T^^^v,  .*^'^^"^  i*  *o  "  think. "  We  may  add  tiiat  the  paper,  typogra- 
Ptiy..  binding,  and  in  fact  the  tout  ensembi^e  of  the  book  are 
creditable    to  the    enterprising   pubhshers. 


J.  MAY,  I.  P.  S.  County  Carlton. 

•  ♦  *  The  t5T)ography,  paper  and  binding  are  highly  credi- 
table to  the  publishers,  and  better  still ,  the  matter  seeins  to  be 
excellent.  I  titist  it  will  tail  into  the  hands  of  every  advanced 
pupil  in  the  province,  and  especially  into  those  of  teachers,  and 
candidates  for  teachers  certificates. 


M.  J.  KELLY,  L.  L.  B.  M.  D.,  L  P.  S.,  County  of  Brant. 
*  ♦  ♦  It  can  not  fail  to  be  of  great  service  to  candidates  for 
the  High  Schools,  Intermediate  Examinations  for  Teachers'  Cer- 
tificates and  for  Matricidation  in  the  University  of  Toronto.  The 
authors  have  achieved  distinction  as  Teachers  of  Mathematics 
and  the  publishers,  Messrs  Adam  Miller  &  Co.,  Toronto,  deserve 
great  credit  for  the  mechanical  appearance  of  the  work. 

J.  MAY.  I.  P.  S.  County  of  Carlton. 
I    trust   this   work  will   be  used   by   every   advanced   pupil 
in  the  pro\  ince,  and  especially  by  Teachers  and  Candidates  for 
Teachers'  Certificates. 


J.  J.  MAGEE,  B.  A.,  H.  M.,  Uxbridge.  H.  S. 

*  ♦  *  I  consider  them  the  best  collection  of  Arithmetic 
problems  that  has  j'et  appeared.  My  experience  as  teacher  has 
been  that  the  text  books  did  not  furnish  sufficient  variety  of  ex- 
nmples.  This  book  supphes  a  want  felt  by  most  teachei's.  The 
"Unitary  Method"  deserves  especial  notice  as  affording  one  of 
the  host  means  of  drawing  out  and  strengthening  the  mental  fa- 
culties. 


J.  M.  PLATT.  P.  S.  I..  PictOK. 

This  book  cannot  fail  to  prove  a  very  great  boon  to 
Teachers,  who  have  exhausted  then-  store  of  questions  for  month- 
ly examinations  &e.,  and  as  an  exercise  book  for  pupils  it  has  no 
■uperior. 


ANALYSIS 

—  Of  — 

THE  ENGLISH  LANGUAGE. 

By  I.  PLANT  FLEMma,  M«\.,  B.CJ.. 

Wwn  A  Sblsotion  o?  Examination  Papbrs  from  our  Canadian  UxivKHsimM, 
Bt  W.  Houston,  M.A.,  Examinxr  in  Engm&h,  Toronto  Unitbrsitt. 

FOB  USE  IN   PUBLIC  HIGH  SCHOOLS  AND  COLLEGIATE 
INSTITUTES. 

PRICE,     ...      -    $1.00. 


0«0R«1  Dickson,  B.A.,  Htad  MasUr,  C*iJegiate  InshtuU^  Hmmiltcn. 

"  Flemings  English  Analysis  has  been  used  in  the  Hamilton  Collegiate  Insti- 
tute since  1873. 

"  I  know  of  no  better  text  book  in  English  Gramnuur  for  the  Intermediate 
Forms  in  our  High  Schools  and  Collegiate  Iiistitutes." 


J.  Skatu,  B.A.,  Head  Master,  ColUgiaU  InstiiuU^  St.  Caiharinss. 

"  Fleming's  Analysis  has  been  in  use  here  for  about  two  years  ;  it  is  the  best 
ia«I  I  know  of  for  advanced  pupils— particularly  in  etymology." 


Gboroe  Wallacb,  B.A.,  Heeui  Master^  H.  5.,  WetUn, 

"  We  have  used  Fleming  for  nearly  one  year.  It  Is  the  best  book  I  have  ever 
taught  on  the  subject  during  an  experience  of  two  years  in  Canada  and  eight  in 
English  Grammar  Schools." 


^.  xMclNTYRE,  M.A,,  Head  Master,  H,  S.,  InetrwU. 

"  Flpming'B  Analysis  lias  not  been  introduced  into  the  High  School,  Ingersoll, 
as  a  Text  Book,  but  much  of  its  contents  has  been  brought  before  the  notice  of 
the  students  in  the  form  of  lectures. 

"  I  have  carefully  examined  the  work,  and  I  have  no  hesitation  in  pronounc- 
ing it  superior  to  anything  yet  presented  on  tho  subject  of  English.  It  is  especially 
adapted  to  High  School  work.  I  shall  be  gratifi'«»  *^  learn  that  It  is  placed  on 
the  list  of  authorized  Text  Books.'' 


BEATTY  &  CLARE'S 

BOOK-KEEPING, 

A  Trbatisb  on   Singlb  and   Double   Entry   Book-Keepino, 

FOR  USE  IN  HIGH  AND  PUBLIC  SCHOOLS. 

By  S.  G.  Beatty,  Principal  Ontario  Commercial  College,  Belle- 
ville, and  Samuel  Clare,  Book  Keeping  and  Writing 
Master,  Normal  School,  Toronto. 

PRICE    70    CENTS. 


T.  0.  STEEL,  Inspector,  P.  S.  Co.,  Prescott. 
.     .    .     I  consider  "Beatty  &  Clare's  Book-keeping"  plain  and 
simple,  yet  suflBciently  comprehensive  for  all  practical  purposes,  and 
especistlly  fitted  for  a  school  text  book.  „ 


WM.  TASSEE,  LL.D.,  H.  M.,  Gait  Col.  Institute. 
.    .     .    Simple,  clear,  devoid  of  confusing  definitions  and  very 
practical  throughout. 

J.  W.  CONNOR,  B.A.,  H.  M.,  H.  S.,  Berlin. 
...     I  consider  it  the  best  elementary  work  on  the  subject  that 
I  have  yet  seen. 


D.  C.  McHENRY,  M.A.,  Principal  Cobourg  Collegiate  Institute. 
I  consider  Beatty  &  Clare's  Book-keeping  an  excellent  text  book. 


A.  YOUNG,  Principal  of  Berlin,  C.  S. 
The  work  on  Book-keeping  by  Beatty  &  Clare  is  the  best  that 


JOHN  WILSON,  Math.  Master,  Port  Hope  H.  S. 
.     .     .     1  feel  safe   in  recommending    the    work    to   my    fellow 
teachers  throughout  the   Province,  as  one  well  adapted  to    ensure 
thoroughness  in  the  art  of  Book-keeping. 


HUGH  J.  STRANG,  B.A.,  H.  M.,  H.  S.,  Goderich. 
.     .     .     Its  elucidation  of  the  subject  being  clear  and  adequate,  the 
work  w'll  prove  a  valuable  aid  to  all  who  may  wish  to  make  themselves 
thoroughly  acquainted  with  the  principles  of  Bouk -keeping. 


J.  S.  CARSON,  Inspector,  Middlesex. 
.    .     .    I  am  assured  from  an  examination  that  it  is  superior  to 
my  other  work  for  our  Canadian  Schools. 


COMPOSITION 

EXEKCISE    BOOKS, 

IN  THEEE  NUMBERS. 
By  James  Hughes,  Inspector  of  Public  Schools,  Toronto. 


NOS.  1  &  2, 10  CENTS  EACH.  No.  3,  20  CENTS. 


THOMAS  HENDERSON,  Inspector  of  Public  Schools,  Paris 

*  *  ♦  Axa  pleased  -with  their  adoption  in  schools  under  nky 
Inspection. 

A.  ANDREWS,  Head  Master,  H.  S.,  Niagara 

*  ♦  *  Have  used  yoiu-  Composition  Exercise  Books  for  some 
weeks,  and  find  them  just  the  thing  desired  for  inducing  a  careful 
painstaking  style.  My  pupils  take  great  pride  in  -writLng  the  first 
copy  so  well  that  they  shall  not  require  correction  and  consequent 
re-wi-iting.  The  promiuence  given  to  the  corrections  drives  them 
to  study  closely  the  rules  for  punctuation  and  the  principles  that 
govern  the  structure  of  the  Enghsh  language. 

DONALD  J.  McKINNON,  Insp.  Public  Schools,  Bramptsun. 

*  *  *  To  those  who  desii«  to  teach  Composition  systemati- 
cally, I  can  confidently  recommend  Hughes'  Composition  Books, 
No.  3  for  Senior  pupils  and  Nos.  1  and  2  for  Juniors. 

A.  P.  KNIGHT,  M.  A.,  Rector,  Kingston  CoUegiate  Institute. 

After  carefully  looking  over  Hughes'  Exercise  Books  on  English 
Composition,  I  have  decided  to  use  it  in  the  Junior  Forms  of  the 
Institute  jtxst  as  soon  as  the  booksellers  here  can  furnish  iB  with 
a  supply  of  the  same. 

J.  M.  PLATT,  M.D.,  P.  S.  Inspector,  Town  of  Picton. 
An  examination  of  Hughes'  Complete  Composition  Exercise 
Books,  makes  me  almost  envy  the  Teachers  and  Students  of  the 
present.  The  progress  in  the  science  of  teaching  and  the  various 
inventions  to  facihtate  the  impartuig  of  instruction  to  the  young 
cannot  fail  to  be  gratifying  to  aU  who  recognize  the  education  of 
the  youth  oi  the  land  as  the  hope  and  glory  of  the  future.  Enghsh 
Composition  is,  to  the  youthful  mind,  the  pons  asinobum  of  liter- 
ary pursuits;  and  no  single  siibject  has  given  so  much  trouble  to 
Instructors.  Yovir  Composition  Books  make  pleasant  and  easy, 
what  has  heretofore  been  vexatious  and  diflacidt.  No  school  can 
be  said  to  be  properly  equipped  without  them.  Every  teacher 
must  exclaim  when  he  sees  them,  "  just  what  we  want." 

J.  B.  SOMERSET,  P.  S.  Inspector,  Co.  Lincoln. 

*  ♦  •'■  It  will  be  a  much  needed  help  to  the  teaching  of  Com 
position  m  our  Schools. 


ENGLISH    GRAMMAR 

BY  C.  P.  MASON,  B.A.,  F.C.P., 

Fello-w  of  University  College,  London, 

With  Examination  Papers  by  W.  Houston,  M.A. 
PRICE  75  CENTS. 


ALEX.  SIM,  M.A.,  H.  M.,  H.  S.,  Oakville. 
Tlpwards  of  three  years  ago  I  asked  a  grammar  school  inspector  in 
the  old  country  to  send  me  the  best  grammar  published  there.     He  im- 
mediately sent  me  Mason. 

A.  P.  KNIGHT,  M.A.,  H.M.,  Kingston  Collegiate  Institute. 
Incomparably  the  best  text  book  for  the  senior  classes  of  our  high 
schools  that  has  yet  been  offered  to  the  Canadian  public. 

J.  KING,  M.A.,  LL.D.,  Principal,  Caledonia,  H.  S. 
Mason's  grammar  will  'be  found  a  most  valuable  class-books  es 
pecially  for  the  instruction  of  advanced  classes  in  English.  The  chapter 
on  the  Analysis  of  difficult  sentences  is  of  itself  sufficient  to  place  the 
work  far  beyond  any  English  grammar  hitherto  before  the  Canadian 
public. 

RICHARD  LEWIS,  H.  M.,  Dufferin  School  Toronto. 
As  a  philosophical  treatise  its  discussion  of  doubtful  points  and  its 
excellent  methods  and  definitions  cannot  fail  to  give  it  a  higli  rank  in 
the  estimation  of  the  best  judges  of  such  works— the  schoo  teachers  of 
the  country.  It  has  readied  a  twenty-first  edition  in  England  ;ind  I 
have  no  doubt  it  will  meet  with  the  same  high  appreciation  in  this 
Province. 

JOHN  SHAW,  H.  M.,  H.  S.,  Omemee 
.    .    .    Mason'sGrammaris  just  such  a  book  as  many  teachers  have 
been  hoping  to  see  introduced  into  our  schools,  its  method  being  to 
teach  the  subject  by  explanation,  definition  and  abundant  illustrations 
without  stereotyped  rules  thereby  making  the  study  even  attractive. 

D.  C.  MacHENRY,  B.A.,  H.  M.  Cobourg  Col.  Institute. 
It  is  an  excellent  and  reliable  work.    It  wUl  be  well  received  by 
terchers  and  advanced  pupils. 

JOHN  JOHNSTON,  P.  S.  I.,  Belleville  and  South  Hastmgs. 
Of  all  the  gi-ammai-s  that  I  have  seen,  I  consider  Mason's  the  best, 

J.  MORRISON,  M.A.,  M.D.,  Head  Master,  High  School,  NcAX-market. 

I  have  ordered  it  to  be  used  in  this  school.  I  consider  it  by  far  the 
best  English  grammar  for  high  school  purposes  that  has  yet  appeared. 
With  "  Masou  '  and  ''  Fleminir  "  nothine  more  seems  to  be  desired. 


ELEMENTARY    STATICS, 

BT 

THOMAS  KIRKLAND,  M.A., 
Science   Master,  Normal   School,  Toronto* 


I>R,IOE     ^l.OO, 


W.  R.  RiDDELii,  B.A.,  B.Sc,  Mathematical  Master,  Ottawa  Normal 
School. 
''  From  a  careful  examination  of  it  I  think  it  will  be  of  great  use  to 
those  preparing  for  the  examinations  of  the  Central  Board. 


vso.  Baptie,  M.A.,  M.B.,  Science  Master,  Ottawa  Normal  School. 

"  It  supplies  a  great  want  felt  by  those  preparing  for  Teachers" 
Certificates.  This — did  it  i)osscs3  no  other  merits— should  make  it  a 
great  success.  It  is  by  far  the  best  text  book  on  the  subject  for  the 
schools  of  Ontario  I  have  seen." 


Geo.  H.  Robinson,  M.A.,  Head  Master,  Whitby  High  School. 

"It  is  the  work  of  one  of  the  most  successful  teachers  in  the 
Dominion,  and  every  page  bears  evidence  that  it  is  no  hasty  compila- 
tion, but  the  fruit  of  matured  thought  and  experience." 


C.  J.  Macgregor,  M.A.,  Principal  High  Seh,ool,  Stratford. 

' '  In  the  Statics,  the  treatment  of  the  subject  is  at  once  elementary, 
and  rigid  enough  to  by  the  foundation  of  accuracy  in  the  further 
prosecution  of  the  science" 


D.  C.  McHenry,  B.A.,  Collegiate  Institute,  Cobourg. 

' '  Among  the  valuable  text  books  j-ou  have  recently  published,  none 
is  more  timely  than  j  our  *  Elementary  Statics.'  A  work  of  the  kind  was 
greatly  needed,  especially  by  High  School  Teachers  ;  and  it  is  likely  to 
meet  with  very  general  favour." 


J.  W.  Connor,  M.A.,  High  School,  Berlin. 

"'  Mr.  Kirkland  has  placed  the  teachers  of  Ontario  under  groat 
jbligatious  by  publi.shing  his  excellent  little  work.  The  arrangement 
tnd  clearness  of  t';e  '  Btook  work,'  and  the  admirable  selection  of  pro- 
blems, would  of  themselves  place  the  book  in  the  first  rank  of  elemen- 
tary treatises  ;  but,  above  all,  one  can  trace  in  every  page  the  result  of 
Uie  author's  practical  experience  in  teaching  the  subject." 


HOW  TO  READ; 

A  DRILL  BOOK 

FOR  CORRECT  AND  EXPRESSIVE  READING 

ADAPTED  FOR  THE  USE  OF  SCHOOLS. 

By  Richard  Lewis,  Teacher  of  Elocution,  Author  of  "Domin- 
ion Elocutionist,"  do. 


PRICE    75    CENTS. 


J.  M.  PLATT,  M.D.,  P.  S.  Inspector,  Picton,  Ont. 
.    .     .     Lewis'  "  How  to  Read,"  is  one  of  the  finest  little  books 
ever  introduced  into  our  Canadian  Schools.     No  efficient  teacher  will 
fail  to  have  his  senior  classes  supplied  with  the  work  at  once. 

J.  MORRISON,  M.A.,  M.D.,  H.  M.  High  School,  Newmarket. 

Such  a  book  was  wanted  and  I  am  glad  that  the  want  has  been  sup- 
plied bj'  an  Elocutionist  of  some  note.  I  have  adopted  it  for  our  junior 
classes. 

JOHN  SHAW,  Head  Master  High  School,  Omemee. 
...     I  am  pleased  with  it  and  shall  certainly  introduce  it  at  the 
earliest  opportunity.     The  publication   cannot    but   be  profitable   to 
teacher  and  pupil  alike. 

R.  N.  RODGERS,  Insi>ector  of  P.  Schools,  Collingwood. 
.  .  .  We  hope  this  book  will  be  brought  to  every  teacher,  and 
introduced  into  every  school  We  firmly  believe,  that  no  time  could  be 
better  spent,  than  in  learning  the  simple  principles  it  lays  down  and 
practising  the  suggestions  it  gives  for  attaining  a  style  of  reading  both 
pleasing  and  effective. 

E.  M.  BIGG,  M.A. 
...    I  wish  it  could  be  introduced  into  every  school.     Nothing 

18  so  MUCH  NEEDED  IN  OUR  SCHOOLS  AS  SUCH  A  WORK. 

JOHN  MACOUN,  M.A.,  Head  Master  of  Albert  College  Grammar 
School,  Prof,  of  Botany,  &c. 
.  .  .  I  most  unhesitatingly  recommend  Lewis'  How  to  Rkad  to 
be  immediately  introduced  into  ail  our  schools  and  that  teachers  compel 
pupils  in  the  higher  classes  to  obtain  it,  and  instruct  them  in  the  use 
of  it  every  day. 

J.  MILLER,  B.A.,  H.  M.  High  School,  St.  Thomas. 
...     It  will  create  greater  interest  in  a  subject  that  should  re- 
ceive more  attention. 


LANGUAGE    LESSONS 


R  DAWSON,  B.A.,  T.  C.  D.,  Head  Master  High  School,  Belleville. 
I  have  been  very  much  pleased  bj'  the  introduction  of  "  Swinton's 
Language  Lesson's,"  into  the  list  of  Canadian  School  Books.  It  is 
simple,  comprehensive,  and  reliable;  and  shows  very  clearly  how  easily 
the  study  of  gr'immar  may  be  made  to  go  hand  in  hand  with  the  prac- 
tice of  Composition,  the  great  end  for  which  grammar  ought  to  be 
taught.  We  have  at  last  an  elementary  text  book  which  may  be  en- 
trusted into  the  hands  of  the  most  inexperienced  teacher  without  any 
fear  of  its  bsing  abused. 


JOHN  JOHNSTON,  P.  S.  L,  South  Hastings. 
I  have  carefully  examined  "Swinton's  Language  Lessons,"  and  am 
convinced  from  what  I  have  seen  of  it,  and  from  what  I  have  heard  from 
some  of  my  most  experienced  teachers,  that  it  is  by  far  the  best 
Elementary  text  boo!,  on  the  subject  that  has  yet  been  ])laced  within 
reach  of  our  Canadian  children.  The  simultaneous  exercises  in  com- 
position are  an  admirable  feature.  I  shall  recommend  the  book  for  use 
in  all  the  schools  in  my  district. 

J,  M.  PLATT,  M.D,,  P.  S.  Inspector,  Picton. 
I  am  greatly  pleased  with  this  little  work.  Our  best  and  most  ex- 
perienced teachers  teach  grammar  to  junior  classes  urally,  after  the 
same  fashion.  Young  and  inexperienced  teachers  can  do  as  well  with 
"  Lang-uage  Lessons  "  as  the  oldest  and  best  can  do  without  it.  For 
pupils  just  entering  upon  this  important  branch,  this  little  book  in 
question  has  no  superior  in  the  market. 

W.  S.  CLENDENING,  Inspector  East  Bruce,  Walkerlon. 
.  .  .  With  its  valuable  aid  the  teacher  will  find  it  no  difficult 
task  to  make  the  study  of  langviage  agreeable  to  even  junior  pupils.  I 
esteem  it  so  highly  that  I  will  use  my  influence  to  get  it  into  the  hands 
of  every  teacher  in  m^  district,  and,  if  authorized,  into  every  school 
likewise. 


ROBERT  MATHESON,  M.A.,  H.  M.  High  School,  Walkerton. 

.  .  .  Language  Lessons  will  assuredly  prove  a  boon  to  teachers 
of  composition.  I  find  that  for  teaching  English  Grammar  it  issuperiot 
to  the  usual  treatises,  as  it  treats  of  Grammar  in  a  practical  manner. 


C.  MOSES,  P.  S.  I.,  County  Haldimand,  Caledonia. 
I  have  carefully  examined  Swinton's  Language  Lessons  for  junior 
classes  and  consider  it  one  of  the  best  yet  published,  being  admirably 
adapted  for  use  in  our  public  schools. 


UilUr  &  <la.'s  Bttits  of  'glmxls. 

Used  in  nearly  all  the  principal  High  and 
Public  Schools  of  Canada, 


HUGHES'  COMPOSITION  BLANKS,  No.  1-  loa 

2—  loc 

3—  20c. 

CANADIAN   SPELLING  BLANKS,  No.  1-  lOc 

2—    lOa 
"  .      3-    10c 

STANDARD  DICTATION  BLANKS.  No-  1-  loc. 

2—  loc. 

"  ♦«  "  3—  loc. 

DR.  DAVIES' GRAMMAR  BLANKS,  No.  1-  loc. 

2-  loc. 

"  "  **  3—    15c 

4—  loc: 

BEATTY'S  HEAD  LINE  COPY  BOOKS,  in  9 

ITOS.    Until  1st  January,  1878,  Tracing  and  Short  Course, 
Nos.  1  to  4  — 
Xos.  5  to  9 — 

Ordinary  retail  price,  10c.  each. 
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